
1 1 
i I 

(NASA-TE-79389) V I Y I Y G  975 D9r)JECT. 
S C I E N C E  R E Q O I R E M S N T S ,  OBJZCCTIYES,  A q D  
CONSTRbINTS OY # I S S T O U  D E S I G N  ( I T A S & )  95 p 
LIHIT NASA 

X 7 8-73 5 5  9 



b 
e 

FEBRUARY 15, 1973 

M75-143-0 

DRL LINE ITEM NO. N 2 - A O 0 4  

VIKING 75 PROJECT 
SCIENCE REQUIREMENTS, 

OBJECTIVES, AND CONSTRAINTS ON M I S S I C N  DESIGN 

i 

APPROVED 

4 
James S. Martin, Jr. 

Viking Proj ect Manager 

Date 



M75-143-0 

Concurrence: 

Date L/y/7 
I .  Taback 
Deputy P ro jec t  Manager (Technical) 
Viking P ro jec t  Off ice  

Launch %$light  Oper i t ions  System Manager 
Viking P ro jec t  Off ice  

E. &- A. Brummer Date 

Lander System Manager 
Viking P ro jec t  Off ice  

Mission Analysis and Design Manager 
Viking Project ,  Office 



M7 5- 14 3- 0 

Concurrence : 

Date 
HvWf Norris b 

Orbiter System Manager 
Jet  Propulsion Laboratory 

r) 

Tracking and Data System Manager 
Je t  Propulsion Laboratory 

I I  
b b - a  .c 

G .  IT. Gianopdlos 
Viking Mission Control a& Computing Center System Manager 
Je t  Propulsion Laboratory 

W .  0. Lowrie 
Viking Project Director 
Martin Marietta Aerospace 

8 



M75- 133-0 

Concurrence : 

1 

. Date 3 c L L w  , m 
/ 

Pro jec t  S c i e n t i s t  
Viking P ro jec t  Office 

Date 3 0  I ?  73 
0 

J e t  Propulsion Laboratory 

Date 

Date 2-9-75 
Science Instruments Manager 
Viking P ro jec t  Off ice  

Date 32 .  9, /573 n 
D. L. Anderson 
Seismometry Team Leader 

K. Biemann Dat e-73 
Xolecular  Analysis Team Leader 

c)) 
PRECEDING PAGE BLANK NOT FILMED: 

t 

" - 



Concurrence : 

Magnetic Proper t ies  Team Leader - - 

9 

Date q FA. i97-3 

Biology Team Leader 

t 

Radio Science Team Leader 

Lander Imaging Team Leader 

Physical Proper t ies  Team Leader 

Ent ry  Science Team Leader 

i 

. .  
a 
!. 

1 



M75-143 

Concurrence: 

Date a 9 - I973 
Inorganic Chemical Team Leader 

Date &b 5 
M .  H .  Carr 
Orbiter Imaging Team Leader 

Date & ?‘/??z 
__ 



H7S- 14 3 - 0 

PREFACE 

This document contains the Science Requirements, Objectives, and Constraints 
(SROC) on Mission Design which shall be utilized in the development of the 
preflight operational Mission Design. The document is limited to the 
definition of science requirements, objectives, and constraints on the pre- 
flight design of the trajectories, orbits, and flight sequences of events; 
-that is, this document does not include science requirements on operations. 
The science requirements on operations will be documented in the Science 
Operations Requirements Document (SORD) - IR-3720154. 

b 

To aid the mission designer in using this document, both the requirements 
and objectives which are related to a specific topic are combined and listed 
under the heading o f  "Requirements and Objectives-.11 
must, etc." are utilized to denote requirements and similarly. the words %t 

The words "shall be, 
_ _  

is desired that, should, etc." are used to denote objectives. 
are listed following the requirements and are usually a separate paragraph. 
A following section then lists llAdditional Objectives.11 The objectives of 
a given investigation are therefore not prioritized. 
prioritization will be accomplished through science team reviews during the 
preflight mission design process. 

The objectives 

Any necessary 
Q 

This document is approved with the recognition that the resources to implement 
the science requirements and objectives are fixed, and that it represents the 
current knowledge as to what requirements can be accommodated. If additional 
information shows that particular requirements cause a resource problem, a 
reevaluation and appropriate adjustment of the requirements will be necessary. 

. 

'*./ 
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2. Paragraph 3.1.2.1.e.l JPL/VO June 30, 1973 
Es tab l i sh  the  number o f  days between 
VIS monitoring of white cloud areas  
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Es t ab l i sh  requirements f o r  i n t e rp l ane ta ry  
observa t ions  o f  Phobos and Deimos 
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reconnaissance requirements 

5. Paragraph 3.7.1.1.g 
E s t a b l i s h  scan platform alignment 
c a l i b r a t i o n  procedures 

6. Paragraph 4.0.1.a 
Develop Table 4.0.1-1 which lists 
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7. Table 4.2.1.1-1 
Es t ab l i sh  t h e  l i s t  of  imaging sequences 
f o r  p r e f l i g h t  mission design 

8. Paragraph 4.2.8.l.d.3.c 
Determine loca t ion  f o r  s t e r e o  viewing 
of  acquired su r face  sample 

9. Paragraph 4.2.8.l.f.2.b 
Determine t i m e  requi red  for SSAU t o  
ob ta in  su r face  temperature measurement 

10. Paragraph 4.2.10.1 . c .5 
E s t a b l i s h  sample res idence  time i n  
c a v i t y  p r i o r  t o  s t a r t i n g  a n a l y s i s  
s equen c e 

JPL/VO 

J P  L/VO 

VPO 

VPO 

VPO 

VPO 

VPO 

June 30, 1973 

4ril 30, 1973 

June 30, 1973 

Apri l  30, 1973 

Apr i l  30, 1973 

Apri l  30, 1973 

Apr i l  30, 1973 
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EXCEPTIONS 

Thc fol lowing is a l i s t  of  exceptions t o  t h e  requirements and o b j e c t i v e s  as 
s t a t e d  i n  t h i s  document. 
w i l l  be removed from t h i s  l i s t  through t h e  Change Control  System. 

These items w i l l  be  addressed and when resolved,  

Item 

1. 

- 

2. 

.. 
3. 

4. 

5. 

Page 

3- 14 

3-22 

3-32 

3- 33 

3-36 

Para. Except ion  Organizat ion 

3.2.5.1a E b - Continuous D R V I D  d a t a  cannot JPL/MA&E 
be  obta ined  simultaneously with continuous 
range d a t a  using " d i s c r e t e  spectrum" ranging 
equipment, 

3.6.2.1.b.1 - A requirement i s  s t a t e d  t o  "make 
MAWD high a l t i t u d e  observa t ions  once each 
o rb i t . "  I t  may b e  p o s s i b l e  t o  accommodate 
t h i s  sequencing dur ing  o r b i t s  having sun 
occu l t a t ions .  Depending upon t h e  r e l a t i o n  
between t h e  o r b i t  and t h e  sun, it may be 
f e a s i b l e  t o  cover " a l l  of t h e  area surrounding 
t h e  landing s i te  for which both t h e  incidence 
angle  and t h e  emission angle  are less than 
45 degrees." 
requirement be de l imi t ed  and more p r e c i s e l y  
s t a t e d .  

JPL/MA&E 

I t  i s  suggested t h a t  . the 

3.7.1.1.e - The ob jec t ive  of Phobos and Deimos JPL/MA&E 
observa t ions  at appropr i a t e  o p p o r t u n i t i e s  
cannot be  s a t i s f i e d  without  some o p t i c a l  
naviga t ion  a c t i v i t y  a f te r  MOI. 
ex t en t  of t h i s  a c t i v i t y  r equ i r ed  i s  r e l a t i v e l y  
modest, it has  no t  been included i n  t n e  
naviga t ion  planning o r  t h e  software planning 
t o  da t e .  

Although t h e  

3.7.2.1.d - In t h e  last  sen tence  of t h e  second JPL/MA&E 
paragraph, i t  is s t a t e d  t h a t  low a l t i t u d e  
swaths of  MAWD d a t a  "a re ' r equ i r ed  on each 
pass." This w i l l  probably no t  be  p o s s i b l e  
when trims a r e  performed a t  p e r i a p s i s .  
since t h i s  requirement i s  f o r  coverage "as 
high as possible"  i n  l a t i t u d e ,  spacec ra f t  
t u r n s  may be implied t o  extend t h e  coverage 
as high as poss ib l e  i n  l a t i t u d e .  
would c o n f l i c t  with r e l a y  suppor t  and o t h e r  
VO sequences,  so only t h a t  coverage which 
can be  obtained whi le  i n  celestial  a t t i t u d e  
should be  required.  

Also, 

Such t u r n s  

3.7.3.1.e - Same comments concerning Phobos and 
Deimos loca t ions  as f o r  Para. 3.7.1.1.8 

JPL/MA&E 

above. 
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EXCEPTIONS (Continued) 

Except ion  

b. 5-38 3.7.4.1.1.a - The requirements f o r  continuous 
range d a t a  f o r  a f u l l  o r b i t  from every t h i r d  
o r b i t  may c o n f l i c t  with requirements f o r  
t h e  r e t u r n  of  o r b i t e r  s c i ence  and lander  
r e l a y  da t a .  The range code s u f f i c i e n t l y  
suppresses  h igh - ra t e  l i n k  performance t h a t  
t h e  d a t a  r e t u r n  r a t e  would probably be cu t  
i n  h a l f  during periods when t h e  range code 
i s  on, Fu l l  ranging on every t h i r d  o r b i t  
would t h e r e f o r e  absorb approximately one- 
s i x t h  o f  t h e  t o t a l  h igh- ra te  d a t a  ret= 
c a p a b i l i t y  of  each o r b i t e r .  

7. 3-38 3.7.4.1.l.b. 1) - As with Para. 3.7.4.1.1. a 
above, it should-be understood t h a t  meeting 
t h e  requirement for continuous ranging 
adversely a f f e c t s  t he  r e t u r n  ra te  f o r  o the r  
sc ience  da t a .  During nonsynchronous o r b i t  
per iods ,  t h i s  r e t u r n  r a t e  may be at a 
premium. 

8 .  3-38 3.7.4.1.1.b.l) - The paragraph calls f o r  simul- 
taneous ranging t o  two o r b i t e r s  from one 
t r a c k i n g  s t a t i o n ,  which i s  not  f e a s i b l e  
with t h e  planned DSN c a p a b i l i t i e s .  

E). 3-39 3.7.4.2.1.a. - This paragraph w i l l  r e q u i r e  con- 
t inuous  ranging f o r  about 24 out  of  every 
36 hours from each o r b i t e r ,  beginning on 
about September 10, 1976. Because of  t he  
suppression o f  high rate d a t a  r e s u l t i n g  from 
t h e  ranging s i g n a l ,  t h i s  requirement w i l l  
absorb about one-third of t h e  t o t a l  high- 
rate d a t a  r e t u r n  c a p a b i l i t y  of  each o r b i t e r  
af ter  t h a t  da t e .  
requirement w i l l  c o n f l i c t  with t h e  r e t u r n  
of r equ i r ed  o r b i t e r  sc ience  and lander  r e l a y  
d a t a .  

I t  appears t h a t  t h i s  

10. 4-4 4.2.1.b.4 - Requirement has been increased  by a 
f a c t o r  of  10. Suggest rewrite as follows: 

Slow scan ra te  d a t a  a t  0.25 KBPS 
s h a l l  be acquired during t h e  lander  mission 
i n  accordance with Table 4.2.1.1-1. 

11. 4-6 4.2.2.1.2.b - 
a )  Two commands must b e  added t o  t h e  input  

software command t a b l e  t o  bypass Illamp 
on" s t e p  and t o  reenter sequence. 

0 Organizat ion 

JPL/MA&E 

JPL/MA&E 

JPL/MA&E 

0 
JPL/MA&E 

MMA/MA&D 
' t i  



M7S - 1 4 3- 0 

EXCEPTIONS (Continued) 

Item - Page 

4-6 

Para. Except ion  O r  g ani  z a t  ion  

5.2.2.1.2.b - Continued 11. 

b) Charac te r iza t ion  o f  a PRS experiment con- 
ducted i n  t h e  dark has not  been done and 
is not  within t h e  scope o f  t h e  present  
program. MMA support  f o r  d a t a  reduct ion 
or experiment c h a r a c t e r i z a t i o n  f o r  an 
experiment conducted i n  t h e  dark is  unknown. 
Power p red ic t ion  p r o f i l e s  should accom- 
modate t h e  change. 

c) 

. 

12. 4.2.2.1.3.d - We have n o t  v e r i f i e d  v i a  our sub- MMA/MA&D 
con t rac to r  t h a t  a second i n j e c t i o n  can be 
made. The procedure should be v e r i f i e d ,  
q u a n t i t i e s  o f  n u t r i e n t  might need changing 
and software input must b e  provided fo r .  

4-7 

13. 4-11 4.2.5.1.1.d - Eight v e r t i c a l  p r o f i l e s  are unrea l -  MMA/MA&D 
i s t i c  s i n c e  they cannot be done u n t i l  af ter  
t h e  second biology sample. 
su r f ace  sample requirements cannot be met i n  
conjunction w i t h  e i g h t  meteorology p r o f i l e s .  

A l l  t h e  o t h e r  

14. 4-12 

4- 15 

4.2.6.1.1 - The Seismology Team takes  exception Seismology Team 
t o  t h e  lack of data b u f f e r  dump scheduling 
for Mission B. 

15 . 4.2.7.1.a.1 - 
a) This paragraph i s  not  compatible with MMA/MA&D 

paragraph 4.0.1. 
S u f f i c i e n t  d a t a  r e t u r n  c a p a b i l i t y  is  not  
always ava i l ab le  t o  image t h e  backhoe 
i n  a l l  modes o r  imaging requirements 
c o n f l i c t  with o t h e r  i nves t iga t ions .  

b) 

16. 

17. 

4- 16 4.2.7.1.a.Z.a, c ,  and d - Same as 15 above. MMA/MAED 

4.2.8.1.a - A l l  imaging requirements should be MMA/MAGD 
placed i n  Imaging Table 4.2.1.1-1. 

4- 18 

18. 4-18 4.2.8.l.c.l.c - Performed f o r  t h e  first and only W / M A & D  
time on s o l  90. 

19. 

20. 

4-19 4.2.8.l.c.l.b - Requirement has  been s u b s t a n t i a l l y  W / M A & D  
increased and should be included i n  t h e  
Surface Sampler Sequences t a b l e .  

4- 20 4.2.8.l.c.3.b - Same as 17 above. 

. -. 
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Item Page 
7 

2 1  . 4- 20 

22. 4-20 

, 23. 4-21 

24. 4-21 

25. 4-22 

26. 4-23 

27. 4- 23 

28. 4- 28 

Para. 

EXCEPTIONS (Continued) 

Except i on  

4.2.8.l.c.3.c - Same as 17 above. 

4.2.8.1.d.3 - Table 4.0.1-1 should be  t h e  only 
re ference  for  sur face  operations and 
t iming. 

4.2.8.l.d.3.e - Same as 22 above. 

4.2.8.1.d.5 - Same a s  22 above. 

4.2.8.1.d.7 - Same as 1 7  above and requirement 
has  been s u b s t a n t i a l l y  increased ,  e s p e c i a l l y  
t h e  requirement fo r  more boom movements. 

4.2.8.l.f.l.b - New requirement is  s u b s t a n t i a l l y  
h ighe r  than previous requirement and 
r ep resen t s  considerably more than  j u s t  
c l a r i f i c a t i o n .  

4.2.8.l.f.2.c - I t  i s  not  p o s s i b l e  t o  s a t i s f y  
t h e  every 10-sol  requirement with o t h e r  
magnetic and physical  p r o p e r t i e s  requi re -  
ments. See Table 4.0.1-1. 

4.2.10.1.b.4 - The Physical  P r o p e r t i e s  Team 
takes except ion t o  the  70-sol wai t ing  
per iod  before  s a t i s f y i n g  some o f  t h e i r  
requirements,  consider ing t h i s  t o  be t o o  
severe a r e s t r i c t i o n  on t h e i r  i nves t iga t ion .  

Organ i z at  ion 

W / M A & D  

MMA/MA&D 

MMA/MA&D 

Phys ica l  Prop- 
ert ies Team 
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T h i s  document de f i n e s  
I 

a. The d e t a i l e d  sc ience  requirements and c o n s t r a i n t s  on 
mission design which must be met t o  s a t i s f y  t h e  s c i e n t i f i c  ob jec t ives  
of  t h e  mission. 

b. Mission design objec t ives  whose s a t i s f a c t i o n  w i l l  enhance 
.I t h e  s c i e n t i f i c  value o f  t h e  mission. 

The requirements,  ob jec t ives ,  and c o n s t r a i n t s  presented he re in  
apply equal ly  t o  Mission A and Mission B except  as otherwise s t a t e d .  In 
case  of c o n f l i c t  between t h e  mission design requirements s p e c i f i e d  h e r e i n  
and t h e  system design requirements s p e c i f i e d  i n  approved p r o j e c t  documents, 
t h e  system design requirements s h a l l  govern. 

1.2 Aml icab le  Documents 

1.2.1 General 

The following appl icable  documents of t h e  l a t e s t  approved 
i s s u e ,  o r  o f  t h e  da t e  shown, form a p a r t  o f  t h i s  document t o  t h e  ex ten t  
s p e c i f i e d  here in :  

NASA Documents 

None 

P ro jec t  Documents 

M75-123 Viking Mission Def in i t i on  (Appendix D t o  
RS-3703001) 

PL-3701026 Viking 75 P ro jec t  Configuration Management 
Plan 

System Level Documents 

None 

M i  li t a rv  Documents 

None 

Other Publ icat ions 

None 
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1.2 App 1 i c ab 1 e [lo c umen t s (Continued) 

1.2.2 Referenced Documents 

The fol lowing document is referenced  wi th in  t h i s  
document for  information only and i s  not t o  be  considered p a r t  of t h i s  
document. 

M75-139 Physical  Proper t ies  Inves t iga t ion  
Requirements (Appendix A t o  SS 3703004) 

1.3 Change Control  

This document s h a l l  be maintained under VPO change con t ro l  and a l l  
S p e c i f i c a l l y ,  a l l  changes r e q u i r e  t h e  approval o f  t h e  Change Control Board. 

reques ts  f o r  changes s h a l l  be submitted i n  wr i t i ng  t o  t h e  Pro jec t  Manager. 
These w r i t t e n  r eques t s  shal l  include:  
paragraph number) o f  t h e  requirement,  ob jec t ive ,  or c o n s t r a i n t  which it i s  
des i r ed  t o  change; ( 2 )  a proposed rewording of  t h e  s ta tement ;  and (3) a b r i e f  
paragraph summarizing t h e  reason f o r  the  proposed change and re ferenc ing  support  
t echn ica l  d a t a  when ava i l ab le .  The VPO w i l l  coord ina te  t h e  eva lua t ion  of  t he  
proposed changes and i s s u e  r e v i s i o n  pages for approved changes as required.  

(1) The cu r ren t  s ta tement  ( inc luding  

1.4 Abbreviat ions and Acronyms 

CCS Command Computer Subsystem 

DUVID 
DSN Deep Space Network 
DSS Deep Space S t a t i o n  

Differenced Range Versus In t eg ra t ed  Doppler 

DlA emission angle  

Fb1A 

GC 
g 

I NA 
IU 
I RS 
I UTE4 

J P L  

km 

LCS 

f r m e  m i  s a 1 i gnmen t ang 1 e 

gas chromatograph 
e a r t h  g r a v i t a t i o n a l  acce le ra t ion  cons tan t  

inc idence  angle  
i n f r a r e d  
i n f r a r e d  sc i ence  ( i .e . ,  IRTM and MAWD) 
In f ra red  Thermal Mapper 

Jet Propuls ion Laboratory 

k i lometer  

Lander Camera System 

- c. 
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i.4 Abbreviations and Acronyms (Continued) 

MAWD blars Atmosphere Water Detec tor  
MOI blars Orbi t  Inser t ion  
MTF modulation t r a n s f e r  func t ion  

NASA National  Aeronautics and Space Administrat  ion 

RF r a d i o  frequency 
RPA Retarding Po ten t i a l  Analyzer 

S/C 
S/N 
sec 
SEA 
SROC 
SSAA 
SSCA 
SSAU 

spacec ra f t  
s i g n a l  t o  n o i s e  r a t i o  
second 
sun e l eva t ion  a n g l e  
Science Requirements, Object ives ,  and Cons t ra in ts  
su r f ace  sample acqu i s i t i on  assembly 
su r face  sampler con t ro l  assembly 
Surface Sampler Acquis i t ion U n i t  

TBD t o  be determined 
TDLR 
TDS Tracking and Data System 

Terminal Descent and Landing Radar 

UAMS Upper Atmosphere Mass Spectrometer 
UHF u l t r a  high frequency 

V v e l o c i t y  
VIS Visual Imaging Subsystem 
VL Viking Lander 
VLBI  Very Long Baseline In te r fe rometry  
VLC Viking Lander Capsule 
vo Viking Orb i t e r  
V-S/C Viking Spacecraft  

1.5 Def in i t i ons  

O r b i t e r  and Lander Observation Angles - Five i n t e r r e l a t e d  
angles  shown i n  Figure 1.5-1 are used h e r e i n  t o  spec i fy  t h e  angular  observa- 
t i o n  condi t ions  f o r  t h e  o r b i t e r  o r  l ande r  o f  a po in t  on t h e  p l ane t  sur face :  

Incidence Angle - The angle  between t h e  extended 
r ad ius  v e c t o r  from t h e  c e n t e r  o f  Mars through t h e  po in t  
of  interest  on the  s u r f a c e  and t h e  v e c t o r  from t h i s  po in t  
t o  t h e  sun. 

Emission Angle - The angle  between t h e  extended r ad ius  
vec tor  from t h e  center  o f  Mars through t h e  po in t  o f  i n t e r e s t  
on t h e  su r face  and t h e  v e c t o r  from t h i s  po in t  t o  t h e  
spacec ra f t .  

Phase Angle - The angle  between t h e  v e c t o r  from t h e  
po in t  of  i n t e r e s t  on t h e  s u r f a c e  t o  t h e  sun and t h e  vec to r  
from t h i s  po in t  t o  t h e  spacec ra f t .  
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1.5 I lcf ini t ior ls  (Continued) 

Sun Eleva t ion  Angle - The angle  between t h e  ho r i zon ta l  
plane a t  a s p e c i f i e d  poin t  on t h e  su r face  and t h e  vec to r  
from t h i s  po in t  t o  t h e  sun. 
po in t  o f  i n t e r e s t  is  assumed t o  be  t h e  Lander o r  t h e  
landing s i te .  

Unless otherwise s p e c i f i e d ,  t h e  

Convergence Angle - The included angle  between t h e  
camera l i n e s  of s i g h t  t o  t h e  c e n t e r  of t h e  two swaths when 
making a s t e r e o  observat ion.  

Sol - The per iod  of time between consecut ive VL midnights. 

Day Numbering System - The day of landing is  Sol  Zero, and 

- 
each subsequent Sol s ta r t s  a t  l o c a l  midnight, a t  t h e  r e s p e c t i v e  VL si te.  
lander  s h a l l  have i t s  own l o c a l  Sol  number; f o r  example, SolA18, Solg6. 

t h e  f i e l d  o f  view of any VO sc i ence  instrument with r e spec t  t o  t h e  apparent 
motion o f  t h e  p l ane t  sur face .  
adequately i n  Figure 1.5-2. The composite f i e l d  o f  view of  t h e  instruments  
is  shown, and t h e  vec to r  P l - P 2  r ep resen t s  t h e  apparent p o s i t i o n  i n  t h e  
f i e l d  occupied by a p a r t i c u l a r  su r f ace  p o i n t  a t  two c l o s e l y  spaced i n s t a n t s .  
The frame misalignment angle  i s  t h e  clockwise angle  from t h i s  v e c t o r  t o  t h e  
l i n e  o f  symmetry o f  t h e  f i e l d s  o f  view. 

Each 

Frame Misalignment Angle - A measure o f  t h e  orientation of 

For mission des ign  purposes it is  cha rac t e r i zed  

Ground Track - The locus t r a c e d  on t h e  p l a n e t  s u r f a c e  by t h e  
r a d i u s  vec to r  from t h e  c e n t e r  o f  Mars t o  t h e  o r b i t i n g  spacec ra f t .  

High Al t i t ude  Coverage - V-S/C and VO s c i e n c e  measurements 
taken a t  a l t i t u d e s  equal t o  o r  g r e a t e r  than  5000 km. 

Low Al t i t ude  Coverage - V-S/C and VO sc i ence  measurements 
taken at a l t i t u d e s  l e s s  than 5000 km. 

Maneuver - Any commanded V-S/C o r  VO a t t i t u d e  change o r  
propuls ive  t r a n s l a t i o n .  
c e l e s t i a l  re fe rences  and ends with spacec ra f t  r e a c q u i s i t i o n  o f  celestial  
re ferences .  

A maneuver begins when t h e  s p a c e c r a f t  l eaves  

Mission Design - The p r e - f l i g h t  design o f  t h e  ope ra t iona l  
f l i g h t  t r a j e c t o r i e s ,  o r b i t s ,  and sequences o f  events.  

Types o f  Landed Atmospheric Analysis - 
Mode "a" (Unf i l te red  Analysis) - A s i n g l e  a n a l y s i s  

performed without  CO/CO2 being removed from t h e  sample. 

Mode "b" ( F i l t e r e d  Analysis) - Two analyses  performed 
The f i r s t  does no t  have CO/CO2 removed from t h e  consecut ive ly  such t h a t :  

sample; t h e  second i s  performed a f t e r  t h e  CO/CO2 i s  removed from t h e  
sample. 

. 

'I 
- I  
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1.5 Def in i t i ons  (Continued) 

Types o f  VO Science Observations - 
Photopair  - A se t  o f  two p i c t u r e s  (image frames),  one 

from each VTS camcra, taken with t h e  minimum time sepa ra t ion  allowed by 
t h c  VIS ,  

Te t rad  - Two photopairs  t a k e n  i n  succession by t h e  VIS . cameras with a scan platform slew between photopai rs  t o  provide an approximately 
square p a t t e r n  o f  frames on t h e  surface. 

8 Pentad - A swath o r  s t r i p  o f  VIS p i c t u r e s  i n  which s i x  
frames a r e  exposed and recorded b u t  only f i v e  a r e  read  out  so t h a t  only a 
s i n g l e  t ape  cel l  i s  u t i l i z e d .  

Swath - A continuous sequence o f  observat ions made by one 
or  more o f  t h e  VO sc i ence  instruments wi th  t h e  scan platform i n  a f ixed  
p o s i t i o n  and t h e  spacec ra f t  motion provid ing  a l i n e a r  coverage o f  t h e  
sur face .  I f  t h e  d a t a  are being recorded, a swath i s  performed dur ing  
one s t a r t - s t o p  cyc le  o f  t h e  t a p e  recorder .  

S t r i p  - A continuous sequence o f  observa t ions  made by 
one o r  more o f  t h e  VO s c i ence  instruments  with scan platform slews at 
appropr ia te  i n t e r v a l s  t o  provide a l i n e a r  coverage of  t h e  sur face .  
d a t a  a r e  being recorded, a s t r i p  i s  performed dur ing  one s t a r t - s t o p  cyc le  
of t h e  tape  recorder .  . 

I f  t h e  

Box Scan - A boustrophedonic sequence o f  observa t ions ,  
u t i l i z i n g  a continuous back-and-forth slew a t  low rate ,  with success ive  scans 
d i sp laced  t o  provide a r ec t angu la r  p a t t e r n  of coverage on t h e  su r face .  

0 
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2 . 0  GENERAL STRATEGY, REQUIREMENTS, AND OBJECTIVES 

‘Ihis s e c t i o n  p resen t s  t h e  sc ience  s t r a t e g y ,  requirements ,  and ob jec t ives  
which a r e  o f  general  importance t o  t h e  Mission Design. 

. 
. - 

2.1 Mission Design Concept 

The Mission Design s h a l l  provide f o r  a r e a l i s t i c  dua l -spacecraf t  
mission u t i l i z i n g  p rese l ec t ed  primary and secondary landing s i t e s  f o r  each 
mission. 

2.2 Landing S i t e  Locations 

TBD 

2.3 Landing S i t e  C e r t i f i c a t i o n  

Both Viking Landers s h a l l  be  s e t  down i n  s i tes  t h a t  have been 
observed by t h e  sc ience  instruments on t h e  O r b i t e r s  and c e r t i f i e d  as t o  
probable  s a f e t y  and s c i e n t i f i c  p roduc t iv i ty  on t h e  b a s i s  o f  t h e s e  observa- 
t i o n s .  
included i n  Sec t ion  3.5 of  t h i s  document. 

The Mission Design r e l a t e d  s i t e  c e r t i f i c a t i o n  requirements are 

2.4 Mission Design S t r a t egy  

2.4.1 Prelanding St ra tegy  

P r i o r  t o  t h e  release o f  i t s  VLC, each VO i n  o r b i t  s h a l l  
perform the  fol lowing func t ions :  
f o r  landing,  checking out  and preparing t h e  VL, and making observa t ions  with 
the  sc ience  instruments .  I t s  observat ions s h a l l  be r e s t r i c t e d  t o  those  which 
provide a general  view o f  t h e  p l ane t  t h a t  c o n t r i b u t e s  t o  understanding t h e  
cond i t ions  a t  t h e  landing s i te ;  those  which c a l i b r a t e  and check out  t h e  
ope ra t ions  o f  sc ience  instruments ,  o t h e r  VO subsystems, o r  ground systems; 
and those  t h a t  provide information s p e c i f i c a l l y  about t h e  landing s i te  under 
as wide a v a r i e t y  o f  observa t iona l  condi t ions  as i s  f e a s i b l e  inc luding  t h e  
s i te  c e r t i f i c a t i o n  observa t ions .  

c o r r e c t i n g  i t s  o r b i t  t o  t h a t  appropr i a t e  
e 

2.4.1.1 Mission A S t r a t e g y  

Orb i t e r  A s h a l l  proceed exped i t ious ly  t o  ge t  i n t o  
i t s  landing o r b i t  and c a r r y  out  i ts  s i t e  c e r t i f i c a t i o n ,  with p a r t i c u l a r  
emphasis on s i t e  s a f e t y ,  s o  as t o  l and  quickly.  
s h a l l  s e rve  as a r e l a y  f o r  lander  d a t a ,  and s h a l l  provide l ande r  suppor t  
as s p e c i f i e d  i n  Sec t ion  3 . 6 .  
O r b i t e r  A,  p r i o r  t o  Mission B landing, s h a l l  provide s i t e  c e r t i f i c a t i o n  
coverage o f  Mission B s i tes and add i t iona l  observa t ions  of them t o  t h e  
ex ten t  t h a t  i s  f e a s i b l e  and j u s t i f i e d .  
O r b i t e r  A s h a l l  desynchronize i t s  o r b i t  from t h e  VL and observe reg ions  on 
the  p l ane t  no t  a c c e s s i b l e  from t h e  synchronized o r b i t .  

Following t h e  landing  it 

Without i n t e r f e r i n g  with i t s  primary goa ls ,  

A t  an appropr ia te  time a f te r  landing,  

4.0 
PRECEDING PAGE BLANK NOT FILMED 
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2.4 Mission Design S t r a t egy  (Continued) 

2.4.1.2 Mission B S t ra tegy  

O r b i t e r  B s h a l l  c a r r y  out  i t s  e a r l y  observa t ions  
and s i t e  c e r t i f i c a t i o n  on a more l e i s u r e l y  schedule  t o  provide more thorough 
coverage and give g r e a t e r  weight t o  the  s c i e n t i f i c  d e s i r a b i l i t y  o f  t h e  landing 
s i t e ,  while  no t  downgrading s a f e t y  cons idera t ions .  
s h a l l  be s i m i l a r  t o  t h a t  of  O r b i t e r  A. 

I t s  pos t - landing  s t r a t e g y  

2.4.2 I n i t i a l  VL Support  

Immediately following each landing,  t h e  VO s h a l l  remain i n  
synchronous o r b i t  over i t s  VL t o  provide d a t a  r e l a y  and observa t ion  o f  t h e  
landing s i t e  at l e a s t  u n t i l  v e r i f i c a t i o n  o f  t h e  following: 

1) Reception a t  e a r t h  o f  good q u a l i t y  VL d a t a  v ia  t h e  
d i r e c t  t e lemet ry  l i nk .  

2) Reception o f  s u i t a b l e  q u a l i t y  imaging d a t a  from t h e  
i n i t i a l  r a p i d  scan panorama and sur face  sample a r e a  survey def ined  i n  
Table 4.2.1.1-1. 

3) Acquisi t ion of  t h e  second s u r f a c e  sample f o r  t h e  Biology, 
Organic Analysis and Inorganic  Chemical Inves t iga t ions ,  and recept ion  of  
s u i t a b l e  q u a l i t y  imaging d a t a  of  t h e  sampled area both before  and after 
sample acqu i s i t i on .  

4) 
organic  ana lyses  and approval of t h e  d a t a  by Science Analysis and Evaluation. 

Reception and acceptance of t h e  d a t a  from t h e  first two 

5 )  Photographic coverage o f  t h e  landing  s i t e  by t h e  VO as 
def ined  i n  3.6.1.1.a. 

2.4.3 Subsequent VL Support 

Except dur ing  per iods o f  nonsynchronous Mars observa t ions  as 
s p e c i f i e d  i n  paragraph 2.4.4 o r  when prevented by o r b i t  t r i m  maneuvers, each 
VO s h a l l  provide a d a i l y  r e l a y  l i n k  f o r  i t s  VL i n  a d d i t i o n  t o  making observa- 
t i o n s  with a l l  VO instruments  of  t h e  landing s i t e  and i t s  general  v i c i n i t y  
as s p e c i f i e d  i n  3.6 and o t h e r  a reas  of t h e  p l a n e t  a c c e s s i b l e  f o r  observa t ion  
as s p e c i f i e d  i n  3 .7 .  

2.4.4 Mars Global Surveys 

2.4.4.1 Global Observations 

Each VO s h a l l  c a r r y  ou t  a program o f  Mars observa t ions  
by t r a n s f e r r i n g  t o  a nonsynchronous o r b i t  t o  b r i n g  o t h e r  po r t ions  of t h e  planet 
under observa t ion  and resynchronizing over  t h e  VL af ter  t h e  p e r i a p s i s  has  
d r i f t e d  once around t h e  p l a n e t .  
synchronous program, which may involve more complex o r b i t  changes t o  enhance 
t h e  coverage o f  s p e c i f i c  areas. 
programs s h a l l  inc lude :  

One VO s h a l l  c a r r y  out  an a d d i t i o n a l  non- 

The sc i en t i f i c  o b j e c t i v e s  o f  t h e s e  t h r e e  

Q 
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2.4 Mission Design S t r a t egy  (Continued) 

1) Mapping t h e  water vapor d i s t r i b u t i o n  over  t h e  
p l a n e t  as completely as p o s s i b l e  with t h e  MAWD, with observa t ion  condi t ions  
as s p e c i f i e d  i n  paragraph 3.7.2.1. 

0 

* 
2) 

the  times of observa t ion  spaced no c l o s e r  than  hourly.  

Observation of t h e  landing areas us ing  a l l  VO 
I inst ruments  as appropr i a t e  a t  a s  many d i f f e r e n t  l o c a l  times as poss ib l e ,  with 
I 
I -  - 

3) Mapping t h e  predawn temperature  d i s t r i b u t i o n  . Over t h e  p l ane t  as completely a s  poss ib l e  with t h e  IRW. 

4) Observation wi th  a l l  VO instruments of s e l e c t e d  
a reas  of s c i e n t i f i c  i n t e r e s t  def ined i n  3.7 .  

5) Radio Science measurements as s p e c i f i e d  i n  
paragraph 3.7.4.1.1.b. 

2.4.4.2 Timing of Global Surveys 

I t  i s  des i r ed  t h a t  t h e  f i r s t  and las t  Mars g loba l  
surveys be separa ted  i n  t i m e  a s  f a r  as i s  c o n s i s t e n t  with o t h e r  c o n s t r a i n t s .  

2.4.4.3 Relay Support During Global Surveys 

If it i s  f e a s i b l e ,  one VO s h a l l  provide d a t a  r e l a y  
Both VL1s s h a l l  no t  be  f o r  both VL's when t h e  o t h e r  VO i s  ou t  o f  range. 

without r e l a y  support  simultaneously.  

2.4.4.4 Duration o f  Global Surveys 

The dura t ion  o f  a g loba l  survey may be up t o  25 sols 
provided t h a t  t h e  synchronous VO is a b l e  t o  provide a t o t a l  o f  60 minutes of 
r e l a y  l i nk  p e r  o r b i t  t o  t h e  two VL's. 
be provided, then  t h e  g loba l  survey s h a l l  be  l imi t ed  t o  15 sols. 

If  t h i s  degree of  r e l a y  support  cannot 
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3.0 VIKING SPACECRAFT AND ORBITER SCIENCE REQUIREMENTS, OBJECTIVES, 
AND CONSTRAlhTS 

'l'his s e c t i o n  de f ines  t h e  general  V-S/C and VO sc i ence  mission des ign  
requirements and ob jec t ives  which apply t o  a l l  phases o f  t h e  V-S/C and VO 
sc i ence  mission and t h e  s p e c i f i c  requirements,  o b j e c t i v e s ,  and c o n s t r a i n t s  
for  var ious  mission segments. 

3.1 General 

This  s e c t i o n  de f ines  the  V-S/C and VO sc i ence  requirements and 
o b j e c t i v e s  which apply t o  a l l  phases o f  t h e  V-S/C and VO science mission 
except  as s p e c i f i e d .  

3.1.1 VO Science Standard b e r a t i o n  Mode 

3.1.1.1 Requirements and Objec t ives  

.a. Simultaneous VIS, MWD, and IRTM Coverage 

MAWD and IRTM d a t a  s h a l l  be acquired and s t o r e d  
whenever VIS d a t a  a r e  acquired.  

Whenever f e a s i b l e  i n  high a l t i t u d e  observa- 
t i o n s ,  a d d i t i o n a l  IRS d a t a  should be  acquired n e a r  t h e  same time t o  
provide coverage of approximately t h e  same a r e a  t h a t  i s  covered. by t h e  VIS. 

b. Simultaneous MAWD and IRTM Coverane 

The MAWD and IRTM s h a l l  acqui re  d a t a  s imultan-  
eous ly  f o r  a l l  observa t ions  of  t h e  sunlit p o r t i o n  o f  Mars. 

C. MAWD and IRTM Ca l ib ra t ion  Sequences 

IRS observa t ions  taken i n  conjunct ion wit?. VIS 
observa t ions  s h a l l  inc lude  c a l i b r a t i o n  sequences as def ined  i n  3.1.2.6. IRS 
observa t ions  which extend longer  than  2.5 minutes and a r e  not  a s soc ia t ed  with 
VIS observa t ions  s h a l l  con ta in  a t  least  two c a l i b r a t i o n  sequences separa ted  
by at  least 2.0 minutes. 

3.1.1.2 Additional Objec t ives  

a. Reduction o f  VIS Observation Overlap 

As a genera l  r u l e ,  when performing VIS 
observa t ion  sequences,  excess ive  over lap  o f  succeeding frames should be 
prevented without  in t roducing  gaps i n  t h e  coverage. The use  of  small 
p la t form slews between frames may b e  used t o  accomplish t h i s .  
t h e  scanning sequence should be chosen t o  provide s i d e l a p  and f o r e l a p  
values  between zero  and 1/4 degree as measured from t h e  camera. 

As a goal ,  

9' 
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b. General MAWD and IRTM Coverage 

1) On a l l  p e r i a p s i s  passages when o t h e r  
oyc ra t ions  o r  observa t ions  do no t  prevent i t ,  it is  des i r ed  t h a t  t h e  MAWD 
arid 1Kl'bl acqui re  two swaths o f  d a t a  near  t h e  ground t r a c k ,  cen tered  on t h e  
p e r i a p s i s  o r  on t h e  po in t  n e a r e s t  t h e  lander ,  and each approximately 300 km 
i n  length.  
than 30 degrees.  
s i v e  o r b i t s  should be approximately contiguous,  t h a t  is, t h e  goal should be  
t o  l a y  down swaths so t h a t  t h e  s l i d e l a p  f o r  MAWD swaths i s  zero. 

, The emission angle  along the  e n t i r e  swath should remain less 
When t h e  VO i s  i n  synchronous o r b i t ,  t h e  swaths on succes- 

2)  Whenever it is f e a s i b l e ,  it is  d e s i r e d  t o  
make continuous observa t ions  with t h e  MAWD and IRTM between ranges of 
approximately 2,000 and 6,000 km and i n t e r m i t t e n t  observa t ions  between ranges 
of approximately 6,000 and 15,000 km. 
used a s  appropr ia te  t o  maximize t h e  contiguous coverage of  t h e  su r face .  

Slow scan platform slews should be 

3) A t  ranges beyond 15,000 km, it i s  d e s i r e d  
t o  o b t a i n  frequent  g loba l  coverage of t h e  p l ane t .  

3.1.2 VO Science Standard Observation Types and C r i t e r i a  

3.1.2.1 VIS Observation and Coverage Types 

a. Low Al t i tude  Observation Types - The f i v e  
s tandard  types o f  VIS observa t ions  t o  be used at low and in te rmedia te  
a l t i t u d e s  are: 

1) Simple - An observa t ion  cons i s t ing  of t h e  
a c q u i s i t i o n  of p i c t u r e s  with a s i n g l e  f i l t e r  i n  each camera. 

2) Color - An observa t ion  c o n s i s t i n g  of two 
o r  more simple observa t ions  covering t h e  same a r e a  with d i f f e r e n t  f i l t e r s .  

3) S te reo  - A n  observa t ion  c o n s i s t i n g  of  t h e  
a c q u i s i t i o n  o f  two p i c t u r e  swaths (or s t r i p s )  along t h e  same path with a 
slew of  the  scan p la t form between swat;.; so  t h a t  t h e  two swaths cover as 
n e a r l y  as poss ib l e  t h e  same a r e a  on t h e  p l ane t .  
of  s i g h t  a t  the  cen te r s  of  t h e  two swaths, t h e  angle  s h a l l  be  approximately 
25 degrees ,  and t h e  b i s e c t o r  o f  t h e  angle  between t h e s e  two l i n e s  s h a l l  make 
an angle  o f  l e s s  than 1 2  degrees t o  t h e  v e r t i c a l .  

Between t h e  camera l i n e s  

4) Oblique - An observa t ion  with an emission 
angle  g r e a t e r  than 60 degrees.  

5 )  
a c q u i s i t i o n  of  p i c t u r e s  which include t h e  edge of t h e  p l a n e t  (emission 
angle  approximately 90 degrees) .  

Limb - An observa t ion  c o n s i s t i n g  of t h e  - 

. 

. 
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3.1 General (Continued) 

b. Low A l t i t u d e  Coverage - Low a l t i t u d e  coverage 
by any of t h e  types of observat ions should be acquired i n  a s i n g l e  o r b i t e r  
pass if p o s s i b l e ;  o therwise ,  i n  a minimum number of  consecut ive passes ,  

c. Low A l t i t u d e  Observat ional  C r i t e r i a  - The 
optimum observa t iona l  c r i t e r i a  and t h e  p r e f e r r e d  range of t hese  c r i t e r i a  

8 -  ' 
l i s t e d  i n  Table 3.1-1 s h a l l  b e  adhered t o  when performing low a l t i t u d e  VIS 
observa t ions .  

. 

* .  
1 .  

d. High A l t i t u d e  Observation Types - Depending 
on t h e  amount and shape of t h e  area t o  be  covered, a high a l t i t u d e  observa- 
t i o n  sequence can c o n s i s t  of a t e t r a d ,  a pentad, a s t r i p ,  o r  a box scan. 
In each case  small cone angle slews of  t h e  scan platform are requi red  
between photopai rs  o r  between frames t o  provide t h e  requi red  coverage and 
minimize t h e  overlap.  
and, i f  only one frame i s  o f  i n t e r e s t ,  t h e  o t h e r  may n o t  be read out .  

In spec ia l  ca ses ,  a s i n g l e  photopair  may be recorded, 

e. High A l t i t u d e  Coverage - Coverage f o r  high 
a l t i t u d e  photography may be  def ined i n  terms of  dimensions on the  s u r f a c e  
o r  i n  terms of phenomena t o  b e  observed. 
types  are as follows: 

In t h e  l a t t e r  case,  t h e  coverage 

1) White Clouds (W)  - Take a pentad of  an area 
from an a l t i t u d e  g r e a t e r  than  10,000 km i n  two co lo r s  a t  emission angles  
l e s s  than 60 degrees.  
a l o c a l  time n o t  e a r l i e r  than 2 hours before  noon. For each f i e l d ,  a t  t h r e e  
widely spaced times dur ing  t h e  t o t a l  mission, observe a t  s e v e r a l  d i f f e r e n t  
hours  of t h e  same s o l ,  with a s  broad a t ime span as permi t ted  by t h e  
emission-angle l i m i t .  

Monitor each f i e l d  approximately every TED S O 1 5  a t  

2) Yellow Clouds (Y) - Take one photopai r  of 
an area from an a l t i t u d e  g r e a t e r  than  10,000 km and a t  emission arigles l e s s  
than 45 degrees .  
angle  slew i s  t o  be made between frames s o  as t o  maximize t h e i r  overlap.  
Monitor each f i e l d  approximately every 15 s o l s  a t  t h e  same hour o f  t h e  
Martian sol.  
mission, observe a t  s e v e r a l  d i f f e r e n t  hours o f  t h e  same s o l ,  with as broad 
a time span as permi t ted  by t h e  emission-angle l i m i t .  

The two cameras a r e  t o  have d i f f e r e n t  f i l ters ,  and a clock- 

For each f i e l d ,  at  three widely spaced times during t h e  t o t a l  

3) Variab le  Brightness  Area (V) - Take one photo- 
p a i r  of 9, area i n  one co lo r  (green) approximately every 15 s o l s .  Each set  
o f  observa t ions  should sample t h r e e  d i s t r i b u t e d  va lues  of  a i r  mass (secant  
of t h e  emission angle) wi th in  a minimum time span on t h e  same o r b i t  i f  
poss ib l e ,  One frame i s  t o  be  read out  t o  te lemet ry  un le s s  o t h e r  c o n s t r a i n t s  
r e q u i r e  both,  

4) Surface Markings (S) - Take a photopai r  o f  

Observe each f i e l d  
an a r e a  i n  one c o l o r  (minus blue) from a minimum a l t i t u d e  o f  10,000 km with 
inc idence  and emission angles  both l e s s  than  45 degrees.  
a t  s e v e r a l  widely spaced d a t e s ,  reproducing t h e  observa t ion  condi t ions  as 
c l o s e l y  as poss ib l e .  
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3.1 Ccneral (Continued) 

5) Low Elevat ion Areas ( L )  - Take a photopai r  
of  an a r e a  a t  emission angles  less than 45 denrees.  The two cameras are t o  
have d i f f e r e n t  f i l t e r s ,  and a clock-angle sle; is  t o  be made between frames 
s o  a s  t o  maximize t h e i r  overlap.  
should be compared with midday images of  t h e  same s o l .  
on f i v e  d a t e s  d i s t r i b u t e d  through t h e  t o t a l  mission. 

Images very e a r l y  and very l a t e  i n  t h e  s o l  
Observe each f i e l d  

6 )  Polar  Regions, North (P) - Cover a narrow 
s t r i p  extending from l a t i t u d e  80 t o  90 degrees  n o r t h  i n  one c o l o r  (minus blue)  
approximately every 15 s o l s .  Choose t h e  t ine  and t h e  longi tude  o f  observa t ion  
so as t o  minimize t h e  sum of t h e  incidence angle  and emission angle  a t  
+85 degrees  l a t i t u d e  nea r  t h e  middle o f  t h e  time per iod  i n  t h e  mission over 
rthich t h e  observa t ions  can be made. A t  t h r e e  widely spaced times dur ing  
the  t o t a l  mission,  ob ta in  t h e  same coverage i n  fou r  co lors .  Use t h e  two 
O r b i t e r s  t o  accomplish these  objec t ives  on two d i f f e r e n t  s i d e s  o f  t h e  no r th  
po 1 ar  region. 

7) Polar  Regions, South (P)  - Cover a narrow 
s t r i p  cxtcnding from l a t i t u d e  36 t o  60 degrees  south i n  two co lo r s  (blue 
and red) approximately every 15 s o l s .  
observa t ion  so as t o  minimize t h e  sum of t h e  incidence angle  and emission 
angle  a t  -50 degrees  l a t i t u d e  n e a r  the  middle of  t h e  time per iod  i n  t h e  mission 
over which t h e  observa t ions  can be made. 
during t h e  t o t a l  mission,  o b t a i n  t h e  same coverage i n  fou r  co lo r s .  Use 
t h e  two O r b i t e r s  t o  accomplish t h e s e  ob jec t ives  on two d i f f e r e n t  s i d e s  of  
t h e  south  p o l a r  region. 

Choose t h e  time and t h e  longi tude  o f  

A t  t h r e e  widely spaced times 

3 . 1 . 2 . 2  MAWD Observation Types 

a. Low Resolution Global Coveraee 

The general  d i s t r i b u t i o n  o f  water vapor is 
obtained by scanning t h e  e n t i r e  i l lumina ted  d i s k  e i t h e r  at a l t i t u d e s  
between 5,000 and 15,000 km i n  o r b i t  o r  during t h e  approach. 
be repea ted  over t h r e e  o r  more equal ly  spaced longi tudes  s o  as t o  cover t h e  
whole i l l umina ted  p l ane t  w i th in  a few s o l s .  

The scan should 

b. Seasonal Var i a t ions  

The seasonal v a r i a t i o n  o f  t h e  general  water  
vapor d i s t r i b u t i o n  i s  obta ined  by making t h e  approach observa t ions  descr ibed  
i n  a. above and r epea t ing  t h e  observat ions once o r  twice i n  o r b i t  with t h e  
longes t  f e a s i b l e  t ime i n t e r v a l s  between. 

c. High Resolution Global Coverage 

MAWD coverage o f  t h e  whole p l a n e t  i n  longi tude  
and as l a r g e  a range o f  l a t i t u d e  as poss ib l e ,  a t  t h e  b e s t  spatial  r e s o l u t i o n  
c o n s i s t e n t  with n e a r  c o n t i g u i t y  ( i . e , ,  wi th  gaps between ad jacent  f i e l d s  of 
view smaller than t h e  width o f  t h e  instantaneous FOV). The observa t ions  
should be made at a f i x e d  l o c a l  t ime, p re fe rab ly  dur ing  t h e  first two 
af te rnoon hours. (This is  t h e  most important class o f  MAWD observat ions.)  

6)  

. -  
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TABLE 3.1-1 

Criteria fo r  VIS Low Altitude Observations 

Optimum 
Angle , degrees 

or  
Range, km 

Preferred 
Angle, degrees 

or 
Range , km 

i 

i 
i 

Simple 
(Low-sun) 

Incidence angle 
Emission angle 
Range 

65 
0 

<1500 

45 - 80 
< 30 

<3000 

< 45 
< 30 

<3000 

<30 . 
<30 

<3000 

Simp 1 e 
(High-sun) 

Incidence angle 
Emission angle 
Range 

0 
0 

<1500 

Color Incidence angle 
Emission angle 
Range 

0 
0 

<1500 

Stereo Incidence angle 
Mean emission angle 
Convergence angle 
Range 

65 
0 

25 
<1500 

45 - 75 
20 - 30 

<12 

<3000 

Ob 1 ique Incidence angle 
Emission angle 
Range 

45 
75 

<2800 

20 - 70 
>60 

<5000 

Limb 0 - 90 
90 
=Y 

Incidence angle 
Emission angle 
Range 

0 - 90 
90 

. 
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.S. 1 Ccricral (Continued) 

d. Diurnal Var ia t ions  

Diurnal v a r i a t i o n s  i n  water vapor over a 
s e l e c t e d  reg ion  a r e  determined by making observa t ions  of  t h e  reg ion  a t  
t h r e e  o r  more t imes through t h e  s o l ,  p a r t i c u l a r l y  from 4 hours before  
t o  4 hours  af ter  l o c a l  noon. 

e. La t i t ud ina l  Var ia t ions  

La t i tud ina l  v a r i a t i o n s  i n  water  vapor are 
determined by combining observa t ions  of a s e l e c t e d  meridian from low and 
in te rmedia te  a l t i t u d e s  wi th in  l e s s  than 30 s o l s .  
a l l  be made c l o s e  t o  l o c a l  noon and should extend as far  no r th  and south  
as poss ib l e .  

The observa t ions  should 

f .  Occul ta t ion  Measurements 

The v e r t i c a l  d i s t r i b u t i o n  o f  water  vapor i s  
measured by observing t h e  i l l umina ted  d i f f u s i n g  p l a t e  while en te r ing  and 
emerging from s o l a r  occu l t a t ion .  

Spec t r a l  Scanning 

The s p e c t r a l  scanning mode o f  t h e  MAWD is a 
c a l i b r a t i o n  t o  provide v e r i f i c a t i o n  of t h e  correct func t ioning  of t h e  
wavelength se rvo  system and t o  a i d  i n  t h e  i n i t i a l  a n a l y s i s  of  t he  d a t a  i n  
t h e  normal mode. 
of t h e  equi l ibr ium s t a t e  o f  t h e  water vapor and t h e  abundances o f  water 
i so topes  i f  a f l a t  a r e a  of t h e  Martian s u r f a c e  can be observed throughout 
thc scqucncc. 

The s p e c t r a l  scanning mode can a l s o  give an i n d i c a t i o n  

3.1.2.3 MAWIJ 0 t )scrvat ion C r i t e r i a  

a. MAWD observat ions s h a l l  be made with inc idence  
and emission angles  both l e s s  than 80 degrees .  

b. The p re fe r r ed  condi t ions  for a l l  MAWD 
observa t ions  are incidence and emission angles  both less than 45 degrees.  

c. For low a l t i t u d e  MAWD observa t ions ,  t h e  
p r e f e r r e d  and opt imm condi t ions  are: 

1)  Emission angle:  less than 45 degrees  
p r e f e r r e d ,  0 degree optimum. 

2) Range: less than 2,500 km p r e f e r r e d ,  as 
low as p o s s i b l e  down t o  1,200 km optimum. 

3) Local time: from 0 t o  3 hours  after 
noon p r e f e r r e d ,  2 hours p a s t  noon optimum (with t h e  except ion of d i u r n a l  
observa t ions) .  

4) Frame misalignment: less than  30 degrees  
p r e f e r r e d ,  0 degrees  misalignment optimum. 

. 
- r  
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3.1 General (Continued) 

. 3 . 1 . 2 . 4  I IUN Observation Types 

a. Diurna l  Coverage 
I 

Diurnal coverage i s  obtained by observing an 
a r e a  on t h e  Martian s u r f a c e  a t  a set  o f  t h e  l o c a l  times l i s t e d  below. 

The p r e f e r r e d  l o c a l  times a t  
decreas ing  preference.  I f  observat ions at more than  f o u r  loca l  times are 

approximately evenly throughout the  remaining a c c e s s i b l e  range of l o c a l  
times . 

t h e  p o i n t  of observa t ion  are l i s t e d  i n  o rde r  of 

. planned, t hose  o t h e r  than "predawn" and "peak temperature1' should be spaced 

1) Predawn: After midnight l o c a l  time and 
before  sun r i se .  
2 degrees VO-centered angle  from t h e  morning te rmina tor . )  

(Optimum: A s  l a t e  a t  n i g h t  a s  poss ib l e  up t o  wi th in  

2) Peak temperature:  Between noon and 2 hours 
after noon l o c a l  time. (Optimum: Between 0.5 and 1.5 hours a f t e r  noon l o c a l  
time.) 

3) Evening: Between sunse t  and t h e  midpoint 
i n  time between sunse t  and midnight. 
sunse t  and 40 percent  i n  t ime between sunset and midnight.) 

(Optimum: Between 1 h o w  af te r  

4) Ea r ly  morning: Between 1 hour after sunrise 
and t h e  midpoint i n  time between s u n r i s e  and noon. 

4D 
5 )  Late af ternoon:  Between 3/4 and 1-3/4 hours  

bcfore sunset .  

b. Global Coverane 

IRTM global  coverage c o n s i s t s  o f  a n e a r l y  
continuous sequence o f  I R  observat ions,  normally made approximately an 
hour o r  more from p e r i a p s i s ,  made by moving t h e  scan  platform cont inuously 
i n  a box-scan p a t t e r n  a t  1/4 degree p e r  second such t h a t  a major p o r t i o n  
o f  t h e  p l ane t  i s  viewed by t h e  IRTM., When i n  synchronous o r b i t ,  g loba l  
coverage may be  d iv ided  i n t o  a few p a r t s  ob ta ined  at similar times on 
success ive  o r b i t s .  

c. Polar  La t i tude  S t r i p  

Coverage along approximately cons tan t  longi tude  

Data may b e  obta ined  i n  mul t ip l e  strips which ove r l ap  
between t h e  c e n t e r  of  t h e  p o l a r  cap and a t  least  10 degrees  l a t i t u d e  o f f  t h e  
edge of  t h e  f r o s t e d  a rea .  
i n  l a t i t u d e  i f  t h i s  would achieve b e t t e r  viewing condi t ions  than a s i n g l e  s t r i p  
would provide.  The h ighes t  spat ia l  r e s o l u t i o n  i s  des i r ed .  

d. P o l a r  Mapping 

Coverage of t h e  a c c e s s i b l e  po r t ion  of t h e  
reg ion  wi th in  20 degrees  l a t i t u d e  of t h e  p o l e  a t  t h e  h ighes t  r e s o l u t i o n  
a t t a i n a b l e  . 
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e. Emission Phase Function 

Observations o f  an a rea  on a s i n g l e  pass  over  
a range o f  emission angles  through nea r  zero  up t o  at least 70 degrees  on 
one s i d e  and p re fe rab ly  up t o  80 degrees on both s ides .  
time should be  minimized. 

The t o t a l  e lapsed  

f. S a t e l l i t e  Observation 

Observations c o n s i s t i n g  o f  one o r  p re fe rab ly  
s e v e r a l  d r i f t s  across  the  s a t e l l i t e  (not slewing) separa ted  by small slews t o  
r e p o s i t i o n  ahead o f  t h e  s a t e l l i t e .  I t  is h igh ly  d e s i r a b l e  t h a t  a t  least one 
V I S  p i c t u r e  be taken when t h e  s a t e l l i t e  i s  expected t o  c ros s  t h e  IRTM ar ray .  
I'hc IRTM should be in  f ixed  p l ane t  o r  space mode with a " res tore"  commanded 
a t  t he  bcginnirig and t h e  end o f  t h e  sequence, when t h e  s a t e l l i t e  is  2 t o  
5 degrees  from t h e  nea res t  IRTM de tec to r .  

g .  Iligh Tempcrature Coverage 

Observation o f  su r face  areas having incidence 
The h ighes t  s p a t i a l  r e s o l u t i o n  i s  des i r ed .  a n g l e s ' l e s s  than 45 degrees.  

h. Sunr i se  Coverage 

Repeated coverage of  an area on t h e  Martian 
s u r f a c e  over t h e  per iod  from incidence a n g l e  91 degrees t o  inc idence  angle  
80 degrees  or 1 hour a f t e r  s u n r i s e ,  whichever occurs  f i r s t .  Observations 
should be spaced s o  t h a t  no gaps g r e a t e r  t han  2 degrees  incidence angle  o r  
15 minutes l o c a l  time occur. 

i. Sunset  Coverage 

Repeated coverage o f  an area over t h e  per iod  
from 85 degrees  incidence angle  o r  30 minutes before  sunse t ,  whichever 
occurs  last ,  t o  incidence angle  100 degrees o r  1 hour a f t e r  sunse t ,  which- 
eve r  occurs  f i r s t .  Observations should b e  spaced s o  t h a t  no gaps g r e a t e r  
than 2 degrees  incidence angle  o r  15 minutes l o c a l  time occur. 

j .  High Resolution Coverage 

Near-periapsis coverage o f  an area n e a r  t h e  
ground t r a c k  us ing  t h e  VO o r b i t a l  motion combined with p la t form slews t o  
provide coverage o f  an approximately r ec t angu la r  a rea .  

3.1.2.5 IRTM Observation C r i t e r i a  

0 

. 

a. Observations o f  an area are d e s i r e d  both a t  
n igh t  and dur ing  the  s o l  (p re fe rab ly  nea r  noon). 
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3.1 Gencral (Continued) 

b. I f  repea ted  coverage o f  an a r e a  i s  obtained 
a t  siriiilar l o c a l  t imes on nea r ly  success ive  s o l s ,  i t  i s  d e s i r e d  t o  o b t a i n  
t h i s  coverage over a range o f  emission angles .  

c. In t h e  absence o f  o t h e r  c r i t e r i a  it i s  d e s i r e d  
t o  maximize IRTM re so lu t ion ;  i.e., t o  maximize t h e  r a t i o  o f  t h e  cos ine  of t h e  
emission angle  to t h e  range. 

d. During IRTM observa t ions ,  it i s  d e s i r e d  t h a t  
e t he  p lane t -por t  look d i r e c t i o n  be at least  15 degrees  from a l l  p a r t s  of t h e  

spacec ra f t .  When an IRTM r e s t o r e  i s  scheduled t o  occur,  t h e  space-port  look 
d i r e c t i o n  should be a t . l e a s t  15 degrees  from a l l  p a r t s  o f  t h e  p l a n e t  or o t h e r  
b r i g h t  ob jec t  (Sun, J u p i t e r ,  Phobos, Deimos, o r  VO s t r u c t u r e ) .  
small platform slews o r  a l t e r a t i o n s  t o  t h e  IRTM mode o r  restore commands may be 
used t o  accomplish t h e  l a t t e r  ob jec t ive .  

Where p r a c t i c a b l e ,  

3.1.2.6 IRS Header 

A t  t h e  beginning o f  every VIS d a t a  a c q u i s i t i o n  
sequence, IRS d a t a  s h a l l  be  recorded f o r  a t  least 2 minutes. The d a t a  s h a l l  
c o n s i s t  of a t  l e a s t  two c a l i b r a t i o n  sequences f o r  both MAWD and IRTM, one 
preceding and one fol lowing a small three-swath box scan such t h a t  a. area 
l a r g e r  than a VIS pentad i s  covered by both  instruments .  
exposure s h a l l  fol low immediately after t h e  last c a l i b r a t i o n  sequence. 

The f i r s t  VIS 

3.1.2.7 IRTM Zero C a l i b r a t i o n  

On approximately every t h i r d  o r b i t ,  wi th in  an 
hour a f t e r  t he  completion of a sequence o f  IRTM observa t ions ,  t h e  instrument 
s h a l l  acqui re  d a t a  for a t  l e a s t  one minute while  viewing space through t h e  
space p o r t  and again while viewing space through t h e  p l a n e t  p o r t .  In  each 
case t h e  l i n e  o f  s i g h t  s h a l l  be at l e a s t  15 degrees  f ron  t h e  n e a r e s t  limb 
o f  Mars or o t h e r  b r i g h t  ob jec t  (Sun, J u p i t e r ,  Phobos, Deimos, o r  VO s t r u c t u r e ) .  

I t  i s  d e s i r e d  t h a t  t h i s  c a l i b r a t i o n  sequence be  
performed as soon as p o s s i b l e  a f t e r  t h e  observa t ion  t o  a s su re  minimum 
change t o  t h e  thermal environment. 

3.2 In t e rp l ane ta ry  Cruise 

* .  

During i n t e r p l a n e t a r y  c r u i s e ,  t h e  opera t ion  o f  t h e  VIS, MAWD, 
and IRTM s h a l l  be  checked o u t ,  t h e i r  c a l i b r a t i o n s  and alignments s h a l l  be  
v e r i f i e d ,  and Radio Science Measurements s h a l l  be  performed as def ined  i n  
t h i s  s ec t ion .  These opera t ions  s h a l l  be accomplished p r i o r  t o  i n i t i a t i n g  
t h e  p l ane ta ry  approach measurements def ined  i n  Sec t ion  3.3 u n l e s s  o ther -  
wise spec i f i ed .  None of t h e s e  opera t ions  s h a l l  in terfere  with midcourse 
maneuvers. 

e 



3.2 I n t e r p l a n e t a r y  Cruise  (Continued) 

3.2.1 Instrument P ro tec t ion  and Checkout 

3.2.1.1 Requirements and Object ives  

a. I n i t i a l  MAWD Heater  Operation 

The h e a t e r  f o r  t h e  MAWD r a d i a t o r  s h a l l  be 
, turned on approximately 2 hours p r i o r  t o  launch and s h a l l  remain on con- 
. t inuous ly  f o r  a minimum of  30 e a r t h  days. 

b. VIS. MAWD. and IRTM Checkout h e r a t i o n s  

As e a r l y  as t h e  te lemetry c a p a b i l i t y  permits  
(p re fe rab ly  between 30 and 40 e a r t h  days a f t e r  launch) ,  t h e  VIS, MAWD, and IRTM 
s h a l l  be turned  on and s h a l l  acqui re  d a t a  i n  a l l  d a t a  modes t o  check on t h e  
opera t ion  of  t h e  instruments  and any poss ib l e  i n t e r f e r e n c e  between them. 
The e x e r c i s e  s h a l l  inc lude  at l e a s t  the  fol lowing opera t ions :  

1) MAWD r a d i a t o r  h e a t e r  t u rn -o f f  approximately 
24 hours p r i o r  t o  FlAWD power turn-on. 

2)  Power turn-on t o  a l l  ins t ruments  a t  least  
3 hours p r i o r  t o  d a t a  a c q u i s i t i o n .  

3) Acquis i t ion o f  MAWD and IRTM d a t a  while  t h e  
scan platform i s  moving a t  both slew r a t e s  over  t h e  a c c e s s i b l e  range o f  
cone and clock angles  c o n s i s t e n t  w i t h  thermal c o n s t r a i n t s .  

4) 
camera with a h igh - ra t e  p la t form slew during p i c t u r e  recording.  

Recording o f  one p i c t u r e  from each VIS 

3 . 2 . 2  VIS C a l i b r a t i o n  and Alignment V e r i f i c a t i o n  

3.2.2.1 Requirements and Object ives  

a. Scan Platform Alignment C a l i b r a t i o n  

1)  The scan platform alignment with r e spec t  t o  
c e l e s t i a l  coord ina tes  s h a l l  be ca l ib ra t ed  during t h e  c r u i s e  phase by t ak ing  
p i c t u r e s  with each VIS camera of  appropr ia te  s t a r  f i e l d s  with t h e  V-S/C on 
c e l e s t i a l  lock.. A p re l iminary  c a l i b r a t i o n  sequence and a f i n a l  c a l i b r a t i o n  
sequence a t  l e a s t  7 days l a te r  i s  required.  

2) The t a r g e t s  s h a l l  be chosen so t h a t  t h e  com- 
p l e t e  range of c lock and cone angles  ava i l ab le  with t h e  VLC i n  p l a c e  i s  
uniformly covered. The pre l iminary  sequence s h a l l  c o n s i s t  o f ,  a t  least ,  a 
t e t r a d  at each of s i x  s t a r  f i e l d s  having a t  least  two stars b r i g h t e r  than  
magnitude 6.0. 
p re fe rab ly  t h i r t y  s t a r  f i e l d s ,  including a t  l e a s t  fou r  around t h e  d i r e c t i o n  
of Mars dur ing  approach. 

The f i n a l  sequence s h a l l  photograph at l e a s t  twenty and 

. 
9 

3) The pre l iminary  c a l i b r a t i o n  i s  r equ i r ed  
p r i o r  t o  a t tempt ing  any of t h e  o t h e r  c a l i b r a t i o n  opera t ions  s p e c i f i e d  i n  
paragraph 3.2.2 except  3.2.2.1.b.3 ( reseau photopair) 
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3.2 In t e rp l ane ta ry  Cruise  (Continued) 

b. VIS Geometric Ca l ib ra t ion  

The geometric c a l i b r a t i o n  o f  each VIS camera 
s h a l l  be v e r i f i e d  once during the  c r u i s e  phase by means o f  t h e  fol lowing 
procedures.  
approach guidance. 

This c a l i b r a t i o n  is  r equ i r ed  p r i o r  t o  any use  o f  t h e  VIS f o r  

- 
1) For each camera, a t  l e a s t  6 p i c t u r e s  s h a l l  

be taken o f  a s t a r  f i e l d  containing a t  least  7 stars b r i g h t e r  than  magnitude 
6.0 wi th in  an a r e a  between one-half and one times t h e  f i e l d  o f  view. An 
image i s  "usable" f o r  a n a l y s i s  only i f  it con ta ins  a t  l e a s t  t h r e e  i d e n t i f i a b l e  
s t a r  images. The composite o f  a l l  "usablet1 frames from one camera s h a l l  con- 
t a i n  at l e a s t  30 s t a r s  with approximately uniform d i s t r i b u t i o n  over t h e  f i e l d  
o f  view. 

. 

2) The sequences s p e c i f i e d  i n  a. above s h a l l  
provide at l e a s t  one photopair ,  taken without  slewing between frames, having 
a t  least two s ta r  images i n  each frame. 

3) One photopai r  with a l l  reaseau  marks v i s i b l e  
should be taken i f  camera mechanization permits .  

c ,  VIS Photometric Ca l ib ra t ion  

The d a t a  t o  provide a p a r t i a l  photometr ic  c a l i b r a -  
t i o n  of t h e  two cameras s h a l l  be  acquired by mul t ip l e  photography at cons tan t  
exposure o f  a b r i g h t  p l ane t  during t h e  c r u i s e  phase. A sequence o f  42 photo- 
p a i r s  with each o f  two f i l t e r s  shal l  b e  taken with 1/4 degree scan-platform 
s t e p s  between frames so  t h a t  t h e  success ive  images cover t h e  VIS composite 
f i e l d  of  view a s  shown i n  Figure 3.2-1. 

I t  i s  d e s i r e d  t h a t  t h e  photometric c a l i b r a t i o n  
be performed as l a t e  i n  t h e  c r u i s e  phase as poss ib l e .  

d, VIS Photometric Response L inea r i ty  

The l i n e a r i t y  o f  photometric response s h a l l  be  
v e r i f i e d  once f o r  each VIS camera by acqu i r ing  10 p i c t u r e s  o f  a b r i g h t  p l a n e t  
a t  d i f f e r e n t  exposures with each o f  t h r e e  f i l t e rs .  

e. VIS Camera Boresight  Of f se t  

The b o r e s i g h t  o f f s e t  o f  t h e  two VIS cameras s h a l l  

These d a t a  
be c a l i b r a t e d  by a n a l y s i s  of a t  l e a s t  one photopai r ,  wi thout  slewing between 
frames and conta in ing  at l e a s t  two star  images i n  each frame. 
may come from t h e  observat ions s p e c i f i e d  by paragraphs 3.2.2.1.a or b. 

3.2 .3  ElAWD Cal ib ra t ion  and Alienment V e r i f i c a t i o n  

3.2.3.1 Requirements and Objec t ives  

The MAWD alignment s h a l l  be v e r i f i e d  by one observa- 
t i on  of Mars between MOI-25 days and MOI-15 days,  simultaneous with t h e  
a c q u i s i t i o n  o f  a VIS photopair .  
t i o n  mode. 

The MAWD s h a l l  be i n  t h e  wavelength c a l i b r a -  



A El 
W 

CI 

W r a a 
LL 
QD 
U 

4 
I 

N 

M 
9) 
k 
9 
M 
.I4 
L 

. 

E 
0 

*I4 
e, 
(b 
k 
5 
4 o o 
u 
.I4 
k 
W 
e, 

c, 
0 c n 
m 
> 
k 

E 

U 

G 
E 
Q) 
W 
W a a 
M 
E 
E 

o m 

4 

5 

f 

5 
-4 c 
3 

n o  
0.C nc, 

0 



3- 13 

3 . 2  1 r i t  c rp  1 anc t a r y  Cru i s e ( Cont inued) 

‘ r  

3.2.4 I HTM ‘Cal i  b r a t  ion and A 1  ignment Veri f i c a t  ion 

3.2.4.1 Reauirements and Obiect ives  

a. Thermal In t e r f e rence  Ca l ib ra t ion  

The thermal i n t e r f e r e n c e  o f  t h e  s p a c e c r a f t  and 
the  l ande r  support  s t r u c t u r e  s h a l l  be c a l i b r a t e d  as e a r l y  a s  f e a s i b l e  by 
opera t ing  t h c  IKTB1 i n  i t s  normal da ta  mode a f t e r  a 3-hour warmup while  t h e  
scan platform slews a t  t h e  slow r a t e  over t h e  range of  cone and clock angles  
expected t o  be  used p r i o r  t o  capsule sepa ra t ion .  

I t  is d e s i r e d  t o  r epea t  t h i s  c a l i b r a t i o n  wi th in  
30 days bcfore  p lane t  encounter.  

b .  Alignmcnt Vcr i f i ca t ion  

The IRTM alignment s h a l l  be v e r i f i e d  by ob ta in ing  
seve ra l  slow slews across  Mars a t  a t ime when i t s  diameter  subtends an angle  
between 4 and 10 m i l l i r a d i a n s .  A t  l e a s t  one VIS p i c t u r e  s h a l l  be taken when 
Mars i s  expected t o  c ros s  t h e  IRTM array. The IRTM should be i n  t h e  f ixed-  
p l ane t  mode. (This opera t ion  w i l l  occur during t h e  p l ane t  approach phase.) 

3.2.4.2 Additional Ob j e c t i v e s  

a. De t erminat i on o f 0 f f - Axi s - Re mons  e 

I t  i s  d e s i r e d  t h a t  t h e  IRTM o f f - a x i s  response 
b c  dctcrmincd by observing Mars (1) when i t s  diameter  subtends an a n g l e  of  
S ! 1 m i l l i r a d i a n s ,  arid ( 2 )  again when i t s  diameter  subtends an angle  of  
25 ! 5 mi l l i r ad ians .  Data a r c  t o  be  taken on c l o s e l y  spaced 1/4 degree pe r  
sccond box SC;IIIS,  coiiccntri c squarcs ,  and c r o s s  p a t t c r n s  over square arcas 
centered  on blars whicli a r e  approximately (1) 10 and (2) 20 degrees on a side. 
The p l ane t  view must be a t  l e a s t  15 degrees  from a l l  spacec ra f t  s t r u c t u r e .  
The IR??rl should be i n  t h e  f ixed-p lane t  mode. (The condi t ions  necessary  t o  
conduct t hese  opera t ions  w i l l  occur dur ing  t h e  i n t e r p l a n e t a r y  and approach 
phases .) 

h -  h e r a t i o n  and WarmuD Time f o r  JuDi t e r  Observations 

If photographs o f  J u p i t e r  a r e  acquired by t h e  
VIS, t h e  IRTM should be operated i n  i t s  normal mode a f t e r  at least a 
3-hour warmup. 

c. S a t e l l i t e  Observation Simulation 

I t  is  d e s i r e d  t o  s imula te  poss ib l e  observa t ions  - of  Phobos o r  Deimos by observing Mars when i t s  apparent  diameter  i s  
approximately 2 m i l l i r a d i a n s .  
small, slow l i n e a r  slews, separated by l / 4  degree slews, such t h a t  a reg ion  
a t  l e a s t  2 degrees  cone by 3 degrees c lock angle  centered  on t h e  p l ane t  i s  
covered. 

. Data should be  obtained during s e v e r a l  

The IRTM should be  i n  t h e  f ixed -p lane t  mode. 
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3.2 I n t e r p l a n e t a r y  Cruise  (Continued) 

3 . 2 . 5  Radio Science 

3-14 

3.2.5.1 Requirements and Object ives  

a. Domle r  and Ranee Data 

1) One f u l l  DSS pass  of  S- and X-band Doppler 
' 

and range d a t a  s h a l l  be obtained f o r  each V-S/C approximately every t h i r d  day 
as soon as communications through t h e  high-gain antenna can be e s t ab l i shed .  

2) During t h e  last  30 days before  MOI, it i s  
des i r ed  t o  inc rease  t h e  coverage i n  a. above t o  one of every two poss ib l e  
f u l l  DSS passes .  

3) Continuous S- and X-band Doppler and range 
d a t a  f o r  up t o  f i v e  days are d e s i r e d  when s o l a r  events  of  s i g n i f i c a n t  
magnitude occur.  

b. S-Band DRVID 

Continuous S-band D R V I D  i s  des i r ed  f o r  a l l  Doppler 
t r ack ing  per iods .  

3.3 P lane ta rv  Amroach Science Observations 

During p l ane ta ry  approach, t h e  VIS, MAWD, and IRTM a r e  t o  make t h e  
Mars su r face  observa t ions  s p e c i f i e d  here in  t o  t h e  ex ten t  poss ib l e  without 
i n t e r f e r i n g  w i t h  o p t i c a l  approach guidance, El01 maneuver and r e l a t e d  opera t ions .  

3.3.1 Imaging 

3.3.1.1 Requirements and Object ives  

a. Mars Observations 

One image o f  Mars s h a l l  be  taken approximately every  
4 hours dur ing  t h e  pe r iod  from MOI-120 hours  t o  MOI-20 hours.  

Between MOI-120 hours  and MOI-50 hours,  it i s  d e s i r e d  
t o  t a k e  an image o f  Mars with each of t h r e e  f i l t e r s  approximately every 4 hours ,  
t o  provide complete s u r f a c e  and atmospheric coverage o f  t h e  p l ane t  a t  a l l  
longi tudes .  

Af te r  MOI-50 hours ,  it is  d e s i r e d  t o  acqui re  one 
photopai r  o r  one t e t r a d  of Mars with a s i n g l e  f i l t e r  a t  i n t e r v a l s  chosen t o  
provide coverage o f  a l l  longi tudes  during one p l a n e t  r o t a t i o n .  

I t  i s  des i red  t o  r ead  out  t h e  s t o r e d  d a t a  as 
r ap id ly  as p r a c t i c a b l e .  

. 
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.S .  3 I ' l a n v t a r y  Ail1)roxh Science Observations (Continued) 

b. Phobos and Deimos Observations 

TBD 

3.3.2 Water Vapor Mapping 

3-15 

3.3.2.1 Requirements and Object ives  

The MAWD s h a l l  acqui re  d a t a  i n  t h e  wavelength c a l i b r a -  
t i o n  mode simultaneous with each o f  t h e  VIS sequences s p e c i f i e d  i n  paragraph 3 .3 .1 .  

On one MAWD observa t ion  n o t  e a r l i e r  t han  MOI-50 hours ,  
it i s  d e s i r e d  t h a t  t h e - r a s t e r  scan d i r e c t i o n  be  p a r a l l e l  t o  t h e  t e rmina to r  
o f  t h e  p l ane t  and t h e  midpoint of t h e  MAWD scan  be centered  on t h e  i l l umina ted  
p o r t i o n  of  t h e  d i sk .  

3.3.3 Thermal Mapping 

3.3.3.1 Requirements and Object ives  

The IRTM s h a l l  acqui re  Mars d a t a  simultaneous with 
each of t h e  VIS sequences spec i f i ed  i n  paragraph 3.3.1. 

I t  i s  des i r ed  t h a t  t h e  IRTM cover t h e  e n t i r e  p l ane ta ry  * .  
d i s k  at  t he  low slew r a t e  with the subspacecraf t  po in t  nea r  s i x  equa l ly  spaced 
longi tudes around Mars as n e a r  t o  MOI as poss ib le .  

.I 

3.4 Prel iminary Landing Area Reconnaissance 

I t  i s  d e s i r e d  t h a t  t h e  mission des ign  provide t h e  maximum oppor tuni ty  
f o r  prel iminary reconnaissance of landing a reas  p r i o r  t o  s i te  c e r t i f i c a t i o n  
without  i n t e r f e r i n g  with t h e  a c t i v i t i e s  t o  e s t a b l i s h  t h e  proper  Martian o r b i t .  



3 D 4  - -  ?re 1 iminary Landing Area Reconnaissance (Continued) 

3.4.1 Imaging 

3.4.1.1 Requirements and Object ives  

a. Early Surface Observation 

Near p e r i a p s i s  on Rev 1 of Mission A t h e  VIS s h a l l  
pcrforrrl ' - tcreo observat ion of  a n  access ib l e  a r e a  on t h e  sur face .  

quich'Y * 

handliJ1;j lrid a n a l y s i s  techniques.  

The two swaths r 

, ' i i n  a t  least 5 photopairs  .each, and t h e  d a t a  s h a l l  be read  ou t  as 
poss ib l e  t o  provide p r a c t i c e - i n '  and v e r i f i c a t i o n  o f  t h e  ground d a t a  

b. Or ien ta t ion  and Alignment V e r i f i c a t i o n  

boresidrr o f f s e t  s h a l l  be v e r i f i e d  as soon as p r a c t i c a b l e  a f t e r  MOI. 
The scan p la t form alignment and t h e  camera 

1)  Scan p la t form alignment v e r i f i c a t i o n  
requirt'- idlotographs of  a t  least  six s t a r  f i e l d s  covering t h e  clock and cone 
range the scan platform. I f  r e c a l i b r a t i o n  should be found necessary,  it 

bc ;;milar t o  t h e  f i n a l  sequence of paragraph 3.2.2.1.a.2. 

2) Camera bo res igh t  o f f s e t  v e r i f i c a t i o n  or 
ion r e q u i r e s  t h e  same d a t a  as s p e c i f i e d  i n  paragraph 3.2.2.1.e. recali"r 

3.4.1.2 Addit ional  Ob j e c t  i ve  s 

a. Low Al t i t ude  Coverage 

I t  is  des i r ed  t o  b u i l d  up photographic coverage 
Of the 1 ' 1  Itsary and secondary landing s i t e s  by observa t ions  z t  low a l t i t u d e  
'iith 
is to 

'w i s s ion  angle  l e s s  than 45 degrees.  The number of images acqui red  
l imi t ed  by t h e  following c o n s t r a i n t s :  

1) I t  is d e s i r e d  t o  l i m i t  t h e  q u a n t i t y  o f  low 
\.overage t o  assure  high a l t i t u d e  coverage of  t h e  primary si te.  

2) No imaging sequence s h a l l  f i l l  t h e  t a p e  
recordc.i 
primarj  

so completely as t o  preclude d a i l y  h igh  a l t i t u d e  coverage of t h e  

3) Primary-si te  d a t a  s h a l l  n o t  d i s p l a c e  
previol\s \ \  recorded pr imary-s i te  d a t a  t h a t  have n o t  been r ead  out.  

4) Data on secondary s i t e s  s h a l l  no t  d i s p l a c e  
previoL'*-.\!. recorded primary s i t e  d a t a  o r  approach d a t a  t h a t  have n o t  been 
read out , 

0 
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3 . 4  I’reliminary Landing Area Reconnaissance (Continued) 

5 )  The q u a n t i t y  of  d a t a  recorded is t o  be 
iiltltclicd t o  t hc  e q x c t e d  capac i ty  f o r  playback p r i o r  t o  t h e  o r b i t  synchroni- 
za t ion  based upon t h e  use o f  t h e  h ighes t  t e lemet ry  r a t e  t h a t  maintains a b i t  
e r r o r  rate no worse than 1/100. (Note, however, t h a t  a lower b i t  e r r o r  r a t e  
. i s  r equ i r ed  

oppor tuni ty  
s i t c ,  i t  i s  
a d i f f e r e n t  
i s  nea r  i t s  

an emission 

f o r  IRS da ta . )  

b. High A l t i t ude  Coverage 

1) On every o r b i t  f o r  which t h e r e  i s  an 
f o r  high a l t i t u d e  viewing o f  a s u n l i t  primary o r  secondary landing 
d c s i r c d  t o  ob ta in  th ree  photopairs  covering t h e  s i t e ,  each with 
f i l t e r .  These p i c t u r e s  should be obtained when t h e  emission angle  
minimum value.  

2) If a s i t e  remains s u n l i t  and observable  a t  
angle  of l c s s  than 60 degrees ,  it i s  d e s i r e d  on a t  l e a s t  one o r b i t  

t o  rcpca t  the sequcnccs a t  i n t e r v a l s  of  about 2 hours. 

c. Oblique Observations 

On every o r b i t  f o r  which t h e r e  is an oppor tuni ty  
t o  view a s u n l i t  primary o r  secondary landing s i t e  a t  an emission angle  greater 
than 60 degrees ,  i t  i s  d e s i r e d  t o  o b t a i n  VIS coverage o f  t h e  s i t e  and t h e  
atmosphere above i t  t o  determine t h e  c l a r i t y  o f  t h e  atmosphere. 

3.4.2 Water Vauor MaUDinE 

3.4.2.1 Requirements and Object ives  

a. Near p e r i a p s i s  on Rev 1 t h e  MAWD s h a l l  observe 
an a c c e s s i b l e  a r e a  on t h e  su r face  under t h e  most f avorab le  viewing condi t ions  
a v a i l a b l e  i n  o rde r  t o  provide p r a c t i c e  i n  and v e r i f i c a t i o n  of t h e  ground d a t a  
handl ing  and a n a l y s i s  techniques.  

b. I t  i s  d e s i r e d  t o  make MAWD observa t ions  of  t h e  
s u r f a c e  whenever it i s  ope ra t iona l ly  f e a s i b l e  and observa t ion  condi t ions  
a r e  favorable .  Areas t o  be  observed a r e ,  i n  decreas ing  o r d e r  of p r i o r i t y :  

1) Primary and secondary landing areas covered 
by t h e  VIS observa t ions  s p e c i f i e d  i n  3.4.1.2.b. 

2) Areas o f  s c i e n t i f i c  i n t e r e s t  l i s t e d  i n  
Table  3.7-3 t h a t  may become access ib l e .  

3) The subspacecraf t  t r a c k ,  i f  i l lumina ted .  

4) A p o r t i o n  o f  t h e  l i g h t e d  d i s k  having an 
emission angle  nea r  t h e  minimum ava i l ab le .  
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3.4 Prel iminary Landing Area Reconnaissance 

3.4.3 Thermal Mapping 

3.4.3.1 Requirements and Object ives  

(Continued) 

0 

a. Near p e r i a p s i s  on Rev 1 t h e  IRTM s h a l l  observe 
tlri acces’sible area on t h e  su r face  under t h e  most favorable  viewing condi t ions  
a v a i l a b l e  i n  o r d e r  t o  provide p r a c t i c e  i n  and v e r i f i c a t i o n  o f  t h e  ground d a t a  
handl ing and a n a l y s i s  techniques.  

b. If  t h e  prel iminary o r b i t s  permit ,  t h e  IRTM s h a l l  
ob ta in  coverage of t h e  e n t i r e  3a landing d i s p e r s i o n  e l l i p s e  a t  t h e  primary s i te  
over as wide a range o f  l o c a l  t imes as p r a c t i c a b l e  (d iu rna l  coverage). Pre- 
dawn observa t ions  s h a l l  have t h e  highest  p r i o r i t y .  

c. Landing Area Coverage 

I t  is des i r ed  t h a t  t h e  IRTM make observa t ions  
o f  t h e  primary landing a r e a  and of  o ther  p o t e n t i a l  landing areas a t  s e v e r a l  
l o c a l  t imes as s p e c i f i e d  i n  3.1.2.4.a. 

d. Other Coverage 

I t  is  des i r ed  t h a t  t h e  IRTM make observa t ions  
of  blars whenever t h e  p l a n e t  is  access ib l e  a t  a l t i t u d e s  less than 15,000 km. 
Areas t o  be observed are, i n  decreasing o rde r  o f  p r i o r i t y :  

1) P o t e n t i a l  landing areas, with regard  t o  
t h e  c r i t e r i a  i n  paragraph 3.1.2.5. 

. 

2) Areas o f  IRTM i n t e r e s t  l i s t e d  i n  Table 3.7-4 
t h a t  may become access ib l e .  

3) Other areas chosen with regard  t o  t h e  
c r i t e r i a  of  paragraph 3.1.2.5. 

3.5 S i t e  C e r t i f i c a t i o n  and Reconnaissance 

This  s e c t i o n  de f ines  t h e  d e t a i l e d  V-S/C sc i ence  requirements and 
o b j e c t i v e s  necessary  t o  s a t i s f y  t h e  ove ra l l  Mission A and B s i t e  certif ica- 
t i o n  requirements and ob jec t ives .  (See paragraph 2.3.) 

TBD 
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3.6 Post-Landing Observations of t h e  Landing Areas 

This s e c t i o n  de f ines  the  VO sc i ence  requirements and o b j e c t i v e s  f o r  
post- landing observa t ions  o f  t h e  landing s i tes  and t h e i r  v i c i n i t y  by e i t h e r  
VO whether i n  a VL-synchronous o r b i t  o r  no t .  
t o  be considered approximate. 

A l l  time i n t e r v a l s  s p e c i f i e d  are 

3.6.1 Imaging 
* - 

3.6.1.1 Requirements and Object ives  

* a. Low A l t i t u d e  Coverage 

1)  Observation of t h e  a r e a  wi th in  150 km of t h e  
V i .  t h a t  was not covercd p r i o r  t o  landing s h a l l  be completed be fo re  t h e  i n i t i a l  
dcsyncl ironizat  ion o f  the o r b i t .  
t i o i l 5  with a s i n g l e  f i l t e r .  

This  coverage s h a l l  c o n s i s t  of s imple observa- 

2) I t  i s  d e s i r e d  t h a t  co lo r ime t r i c  coverage-  
with two f i l t e r s  over t h e  a r e a  within 100 km o f  each VL be obtained at 
30-sol i n t e r v a l s .  

3) S t e r e o  coverage of  t h a t  a r ea  wi th in  30 km 
of  t h e  VL t h a t  was n o t  covered p r i o r  t o  landing i s  r equ i r ed  t o  be  coxpleted 
be fo re  t h e  i n i t i a l  desynchronization o f  t h e  o r b i t .  . 

b . Oblique Observations 

Within t h e  geometric c o n s t r a i n t s  o f  t h e  o r b i t ,  
3 1 1  obljquc ol>scrvat ion of area around each VL s h a l l  be  made a t  3-sol  i n t e r v a l s ,  
j)rc-f’cral>ly at 11 i R h  a1 t i tudc.  

c.  Ili gh A1 t i tudc Obsc:rv;it i Otis 

1)  W i t h i n  t h c  gconietric c o n s t r a i n t s  01. ttrc orbi t ,  
t he  area around each VL s h a l l  be photographed a t  a time between t h e  occurrence 
of  minimum inc idence  angle  and minimum emission angle  a t  3-sol i n t e r v a l s .  

21 Diurnal  Var i a t ion  Monitorinr! 

I t  i s  d e s i r e d  t o  o b t a i n  one pentad centered  
on t h e  lander  approximately every 2 hours throughout t h e  per iod  o f  i t s  
v i s i b i l i t y  at 30-sol i n t e r v a l s .  

3) Extended Landing Area Monitoring 

I t  i s  d e s i r e d  t o  o b t a i n  up t o  30 images 
spaced t o  cover as much a r e a  around t h e  landers  as can b e  u s e f u l l y  obtained 
a t  30-sol i n t e r v a l s .  

41 Cloud Laver Monitoring 
c 

A t  15-sol i n t e r v a l s  it i s  d e s i r e d  t o  ob ta in  
fou r  p i c t u r e s  with each of two f i l t e r s  d e p i c t i n g  t h e  l i g h t e d  limb and t h e  
atmosphere over  each VL, wi th  the  p i c t u r e s  spaced over  t h e  length  o f  t h e  limb. 
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. .  3.0 Post-Landing Observations of t h e  Landing Areas (Continued) 

3.6.2 Water Vapor Mapping 

3.6.2.1 Requirements and Object ives  

a. Low Al t i t ude  Coverage 

1) Observation of a l l  t h e  area wi th in  150 km o f -  
t he  VL s h a l l  be made p r i o r  t o  t h e  i n i t i a l  desynchronizat ion of  t h e  o r b i t .  
Preferab ly  a l l  t hese  observa t ions  should b e  accomplished wi th in  a 5-sol  per iod  
o r  l e s s .  

2) When i n  synchronous o r b i t  over  t h e  VL, it i s  
d e s i r e d  t o  o b t a i n  n e a r l y  contiguous coverage o f  as l a r g e  an area around t h e  
VL as p o s s i b l e  i n  t h e  minimum number o f  o r b i t s .  
obtained a t  emission angles  no g r e a t e r  t h a n  30 degrees ,  and should be repea ted  
a t  approximately 20-sol i n t e r v a l s .  

This  coverage should be  

b. 

t i o n s  once each o r b i t  o f  a l l  
which both t h e  incidence ang 
45 degrees .  

Hieh Al t i t ude  Coveraee 

1) The MAWD s h a l l  make high a l t i t u d e  observa- 
t h e  a rea  surrounding t h e  landing s i t e  f o r  
e and t h e  emission angle  are less than 

2)  Grea tes t  emphasis should be  p lzced  on t h e  

The observa t ion  should be repea ted  
de te rmina t ion  of d i u r n a l  va r  a t i o n s  by observa t ions  of  t h e  landing area 
throughout t h e  per iod o f  v i s i b i l i t y .  
a t  i n t e r v a l s  no t  g r e a t e r  than  2 hours on as many o r b i t s  as poss ib l e .  

c. Variable  Emission Angle Coverage - 
MAWD d a t a  should b e  acquired dur ing  t h e  IRTM 

emission phase funct ion sequence def ined  i n  3.6.3.1.b. 

d. MAWD Ca l ib ra t ions  with Di f fuse r  Plate 

MAWD d a t a  a c q u i s i t i o n  wi th  t h e  f i e l d  o f  view 
centered  on t h e  d i f f u s e r  p l a t e  f o r  a f u l l  4.8-minute normal scan are 
requi red  a t  approximately 15-sol i n t e r v a l s  on each VO. 
seqiicnces with each VO should b e  f o r  t h e  f u l l  24-minute wavelength scan. 

Two widely spaced 

3.6 . 3 Thermal blapping - .  

3.6.3.1 Requirements and Objec t ives  

a. Landing S i t e  Coverage 

1) The IRTM s h a l l  o b t a i n  h igh - re so lu t ion  coverage 
01' ;III ;IJT;I ajy~rosii i iatcly 100 km i n  rad ius  around each landing s i t e  a t  least 
OIICC during t h c  inissioii whcn i n  synchronous o r b i t ,  I t  Is d e s i r e d  t h a t  t h i s  
coverage extend t o  400 km i n  r ad ius .  

. 



3 .6  Post-Landing Observations o f  t h e  Landing Areas (Continued) 

v a r i a t i o n  coverage of  each landing s i t e ,  inc luding  a t  least t h e  f ive  l o c a l  
times l i s t e d  i n  3.1.2.4.a, both ea r ly  and l a t e  i n  t h e  mission. 

2) I t  i s  d e s i r e d  t h a t  t h e  IRTM ob ta in  d i u r n a l  

- 3) A t  approximately 10-sol  i n t e r v a l s  when 
i n  synchronous o r b i t ,  t h e  IRTM s h a l l  o b t a i n  a t  l e a s t  one h igh - re so lu t ion  s t r i p  

d e s i r e d  t h a t  an a rea  approximately 200 km r a d i u s  around t h e  lander  be  covered 
by as many add i t iona l  equal ly  spaced (not  n e c e s s a r i l y  contiguous) swaths or 
s t r i p s  as is  p r a c t i c a b l e  on a s i n g l e  pass .  

. o r  swath approximately 200 km long aimed t o  c r o s s  t h e  landing s i t e .  I t  is  

. 
b. Variable  Emission Angle Coverage 

Once dur ing  t h e  mission t h e  emission phase func- 
t i o n  should be determined as s p e c i f i e d  i n  3.1.2.4.e, using a landing s i te  as 
t h e  t a r g e t .  

c. Thermal Emission Ca l ib ra t ion  

1)  I t  i s  r equ i r ed  t h a t  t h e  IRTM measure t h e  back- 
ground o f  thermal emission from the  VO following.VLC sepa ra t ion  by making 
observa t ions  of  space over  a l l  cone/clock angles  planned f o r  use  dur ing  t h e  rest  
o f  t h e  mission. This  requirement can be  s a t i s f i e d  by scans a t  e i t h e r  slew rate 
around t h e  l i m i t s  of  a c c e s s i b l e  cone/clock angles  with t h e  mir ror  i n  t h e  
p l a n e t  p o s i t i o n  and i n  t h e  space p o s i t i o n .  Throughout t h e  d a t a  a c q u i s i t i o n  
sequence, both t h e  space view and t h e  p l a n e t  view of  t h e  instrument  s h a l l  be  
a t  least 15 degrees  from t h e  p lane t .  These d a t a  s h a l l  be  obta ined  as soon’  
a f t e r  VLC sepa ra t ion  as i s  f e a s i b l e  (wi th in  a few o r b i t s ) .  

a 
2) I t  i s  d e s i r e d  t o  perfnrm t h e s e  c a l i b r a t i o n  

sequences as soon a f t e r  p e r i a p s i s  passage as p r a c t i c a b l e .  - 
d. Di f fuser  Plate Observations 

I t  i s  d e s i r e d  t h a t  t h e  IRTEl view t h e  MAWD 
d i f f u s e r  p l a t e  with t h e  albedo t e l e scope  a t  approximately 15-sol  i n t e r v a l s  
on each VO. 
c a l i b r a t i o n  sequences preceding and following. 

Data a c q u i s i t i o n  dura t ion  should be  a t  l e a s t  80 seconds with 

3.7 Post-Landing Mars Observations - 
This  s e c t i o n  d e f i n e s  t h e  VO sc i ence  requirements and o b j e c t i v e s  for 

post- landing observa t ions  by e i ther  o r b i t e r  n o t  s p e c i f i c a l l y  intended t o  
inc lude  t h e  landing  si te.  

3.7.1 Imaging 

3.7.1.1 Requirements and Objec t ives  

a. Low A l t i t u d e  Observations 

1) Observat ional  Areas of I n t e r e s t  

P r i m e  t a r g e t s  f o r  low a l t i t u d e  photography e are l i s t e d  i n  Tab le  3.7-1, and t h e i r  p r e c i s e  p o s i t i o n s  and shapes are shown 
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TABLE 3.7-1 

PRIME TARGETS FOR VIS LOW ALTITUDE PHOTOGRAPHY 

NO.  Long. Lat. Name P r i o r i t y  S t e r e o  CoIor 

1 
2 
3 
4- 
5 -  
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
1s 
19 
20 
2 1  
22  
2 3  
24  
25 
26 
27  
28 
29 

177 
173 
165 
166 
163 
151 
15 1 
145 
143 
139 
136 
134 
12s 
120 
120 
113 
113 
106 
104 
96 
95 
81 
80 
60 
65 
56 
57 
40 
33 

10s 
2 3 N  

3 N  
2 1s 
5 2s 
5s 

2 1s 
2 3 N  
33N 
3 4s 
39N 
2 8N 
1 1 N  
6 3 N  

9 s  
IN 

45N 
25s 
1 1 N  
25N 
5s 

52s 
48N 
13s 
2 5N 

8N 
56s 
29s 
43s 

P la ins / c ra t e red  t e r r a i n ,  Mesogaea 
Knobby t e r r a i n ,  Amazonis 
Dissected p l a ins  
Crat e red  t e r r a i n  
Pa t te rned  c ra t e red  t e r r a i n  
Channel, Mesogaea 
Fractured c ra t e red  t e r r a i n  
Grooved terrain 
Grooved t e r r a i n / f r a c t u r e d  t e r r a i n  
Upland p l a i n s  
Fractured t e r r a i n  
Nix Olyrnpica 
Fractured t e r r a i n  
Pa t te rned  c ra t e red  t e r r a i n  
South Spot 
Mid Spot 
Arcadia r i n g  
Phoenicus Lacus f r a c t u r e  system 
North Spot 
Domes 
Labyrinth 
Mu 1 t i - r i n g  b as i n  
Fractured t e r r a i n  
Coprates canyon 
Channeled p l a t eau  
Cratered p la teau  
Argyre r i m  
Channe 1 
Argyre r i m  

1 
1 
2 
2 
2 
1 
2 
1 
1 
2 
1 
1 X 

1 
1 X 
2 
1 X 
1 X 
1 X 
1 
1 X 
2 X 
1 X 
1 X 
1 X 
2 
2 
1 X 
1 X 

3 
L. 

.. 
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TABLE 3.7-1 (Continued) 

3-25 

* 

No. Long. Lat. Name P r i o r i t y  S te reo  Color 

0 30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

25 
342 
342 
330 
325 
312 
315 
280 
275 
270 
265 
25 0 
25 3 
248 
240 
2 36 
222 
2 14 
212 
209 
205 
197 
195 
185 
182 
182 
A 1  1 

0-20 

5 8N 
5 7s 
2s 

4 ON 
25s 
6 3 N  
42s 
12N 
4 7N 
6 3N 
31s 
4 3s 
2 2s 
1 1 N  
6 3s 
19N 
2 7N 

3s 
2 3 N  
3 2 N  
5 3s 
18s 
4 2 N  
8s 

20s 
15N 

75-9ON 
65-75N 

90-110 65-76N 
A l l  75-90N 

Mottled c ra t e red  p l a i n s  , 

Pat te rned  c ra t e red  p l a i n s  
Smooth f loored c r a t e r  
F r e t t e d  t e r r a i n  
Cratered t e r r a i n  
Anomalous ozone region 
IIel las  r i m  
S y r t i s  Major 
Pat te rned  p l a ins  
Mottled c r a t e r e d  p l a i n s  
Old volcano 
H i l l y  t e r r a i n  
Dande 1 ion 
P la ins / c ra t e red  t e r r a i n  contac t  
Pa t te rned  c ra t e red  t e r r a i n  
Channeled p l a ins  
Faul ted p l a ins  
P la ins / c ra t e red  t e r r a i n  contac t  
Elysium s h i e l d s  
Elysium dome 
Cratered t e r r a i n  
Ch anne 1 s 
Knobby t e r r a i n  
Old volcanic  s h i e l d  
Channels 
I r r e g u l a r  c r a t e r  
North p o l a r  region 
Mottled c r a t e r e d  p l a i n s  
Mottled c ra t e red  p l a i n s  
North Pole 

1 
2 
1 
1 
2 
1 
1 
1 
2 
1 
1 
2 
1 
1 
2 
2 
2 
1 
1 
1 
2 
1 
2 
2 
1 
2 
1 
1 
1 
1 

X 
X 

X 

X 

X X 
X 

X 

X 
X 
X 

X 

X 
X 



3-26 M75-143-0 

NORTH 

COLOR COVERAGE - - - - I 

r 
-- - 50 O 

1 

. 

. 



hl7 5 - 14 3- 0 3-27 

65' , - .  

60' . ,- 

< 

NORTH 



M75-143-0 3-28 

NORTH 
, P 

c a -7 .. I 
' e  

65' 

60" - -  
c 

c 



M75 - 14 3- 0 3-29 

3.7 Post-Landing Mars Observations (Continued) 

i n  t h e  map, Figure 3.7-1. For each area a p r i o r i t y ' a n d  a class are assigned,  
and an i n d i c a t i o n  i s  given as t o  whether c o l o r  o r  s t e r e o  coverage i n  a d d i t i o n  
t o  simple coverage i s  t o  be obtained. 

a 
- 2) Area Coverage 

. a. Simple coverage by e i t h e r  VO with 
observa t iona l  condi t ions  wi th in  the  p r e f e r r e d  range s p e c i f i e d  i n  Table 3.1-1 
s h a l l  be obta ined  f o r  a t  l e a s t  one-half o f  t h e  P r i o r i t y  1 areas l i s t e d  i n  

s t e r e o  coverage s h a l l  a l s o  b e  obtained for a chosen s i t e  i f  s p e c i f i e d  i n  t h e  
t ab le .  
t h e  shape and s i z e  o f  t h e  a r e a  as given on t h e  map, Figure 3.7-1. 

0 Table 3.7-1. The a reas  s h a l l  b e  chosen f o r  t h e i r  a c c e s s i b i l i t y .  Color o r  

S ingle  o r  mul t ip l e  swaths o r  s t r i p s  s h a l l  b e  employed, depending upon 

Simple or c o l o r  coverage s h a l l  be 
considered t o  be complete when: 

(1) 100% of t h e  area is covered f o r  a class A area. 

. 

(2) 80% of t h e  a r e a  i s  covered f o r  a class B area. 

(3):.'. 40% of t h e  a r e a  i s  covered f o r  a c l a s s  C area. 
e. . .  

(4) 10 c l u s t e r s  of  a t  least 10 p i c t u r e s  each have been 
spread  f a i r l y  uniformly over a class D area.  

For s t e r e o  coverage a s i n g l e  stereo 
observa t ion  covering a t  least 50 x 300 km at each spo t  i nd ica t ed  on t h e  map 
i s  required.  

b. I t  i s  d e s i r e d  t o  cover  more than 
one-half  of t h e  P r i o r i t y  1 areas and as many as p o s s i b l e  o f  both t h e  P r i o r i t y  1 
and P r i o r i t y  2 areas. 
but  t h e  amount of simple o r  co lo r  coverage which i s  considered complete . 

coverage is one-half  t h a t  spec i f i ed  i n  paragraph 3.7.1.l.a.Z.a. 

The same observa t iona l  condi t ions  apply t o  t h e s e  areas, 

c. When t h e  VO i s  i n  synchronous 
o r b i t  over t h e  VL and on o r b i t s  when o t h e r  s p e c i f i c  d a t a  a c q u i s i t i o n  sequences 
do no t  i n t e r f e r e  o r  u t i l i z e  t h e  s to rage  and te lemet ry  c a p a b i l i t y ,  it is  d e s i r e d  
t o  acqui re  low a l t i t u d e  swaths o r  s t r i p s  o f  p i c t u r e s  loca t ed  such t h a t  t h e  
area wi th in  500 km of t h e  VL i s  mapped as completely as p o s s i b l e  i n  t h e  course  
of t h e  mission. 

b. High A l t i t u d e  Observations 

1) Observat ional  Areas o f  Interest 

P r ime  t a r g e t s  f o r  h igh  a l t i t u d e  photography 
are l i s t e d  i n  Table 3.7-2. 
t o  t h e  type of phenomena which it i s  d e s i r e d  t o  observe.  
and r e l evan t  c h a r a c t e r i s t i c s  a r e  also l i s t e d  i n  t h e  t a b l e .  The coverage t h a t  
is appropr ia te  f o r  each class of t a r g e t  i s  s p e c i f i e d  i n  3.1.2.1.e. 

The t a r g e t s  are d iv ided  i n t o  classes according 
Pos i t i on ,  e l e v a t i o n ,  
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3.7 Post-Landing Mars Observations (Continued) 

2) Area Coverage 

a. 
s h a l l  be obta ined  f o r  a t  least ha l f  of  t h e  a reas  l i s t e d  i n  Tab le  3.7-2, 
inc luding  at l e a s t  one from each o f  t h e  s i x  classes. 

Coverage as s p e c i f i e d  i n  3.1.2.1.e 
L 

. b. I t  is d e s i r e d  t o  ob ta in  coverage as 
s p e c i f i e d  i n  3.1.2.1.e f o r  as many o f  t h e  areas l i s t e d  i n  Table  3.7-2 as is  
f e a s i b l e  . . 

c. Limb Observations 

1) -0-color ( r ed  and b lue)  coverage of t h r e e  
sample l a t i t u d e s  i s  r equ i r ed  every 10 s o l s  and d e s i r e d  every 4 s o l s .  

2) Coverage with t h e  b lue  filter of a s p e c i f i e d  
sample l a t i t u d e  a t  t h r e e  d i f f e r e n t  times o f  s o l  on a s i n g l e  r evo lu t ion  is 
requ i r ed  every 10 s o l s  and des i red  every  4 sols. 

3) It is  d e s i r e d  to  ob ta in  complete coverage 
o f  t h e  i l lumina ted  limb on a s i n g l e  r e v o l u t i o n  from m a x i m u m  a l t i t u d e  using 
t h e  b lue  f i l t e r  every 30 s o l s .  

t 
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3.7  1’0s t -Land i ng Mars Observations (Continued) 

d .  Lowered P e r i a p s i s  Observations 

I t  i s  des i r ed  t o  lower t h e  p e r i a p s i s  a l t i t u d e  
of one VO for a t  l e a s t  15 o r b i t s  t o  700 km, o r  as low as al lowable wi th in  
p l ane ta ry  quarant ine  c o n s t r a i n t s ,  and t o  observe t h e  following si tes i n  
order  o f  decreas ing  p r i o r i t y :  

1) The VL sites 

2) Areas l i s t e d  i n  Table 3.7-1 

e. Phobos and Deimos Observations 

I t  i s  des i r ed  t h a t  Phobos and Deimos be photo- 
graphed with a t  l e a s t  two f i l t e r s  every time t h e  diameter  o f  e i t h e r  subtends 
a t  least  0 . 2  degree. Observations with MAWD and IRTM are a l s o  d e s i r e d  a t  
t hese  times. 

f. Photometric Ca l ib ra t ion  Ver i f i ca t ion  

I t  i s  des i r ed  t h a t  on t h r e e  widely spaced 
occasions a f t e r  landing ,  t h e  photometric c a l i b r a t i o n  be  checked by tak ing  
a sequence o f  fou r  t o  e i g h t  p i c t u r e s  with each camera at  varying exposures 
of e i t h e r  (1) a f l a t  f e a t u r e l e s s  region of Mars (e.g., He l l a s ) ,  o r  ( 2 )  a 
b r i g h t  p l ane t  ( J u p i t e r  or Sa tu rn ) ,  with t h e  f i r s t  a l t e r n a t i v e  p re fe r r ed .  
In t h e  f irst  case, read out  of  only a s i n g l e  t r a c k  o f  p i c t u r e  d a t a  w i l l  
s u f f i c e .  

g.  Scan Platform Alignment Ca l ib ra t ion  

TBD 

a 
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3.7 Post-Landing Mars Observations (Continued) 

3.7.2 Water Vapor Mapping 

3.7.2.1 Requirements and Object ives  

a. Global Surveys 

Two global  surveys of  t o t a l  ver t ical  water vapor 
abundance, one by VO-A as e a r l y  as poss ib l e  and one by e i t h e r  VO as l a t e  as 
poss ib l e ,  s h a l l  be obtained with t h e  MAWD while  i n  a nonsynchronous o r b i t .  
The observat ion condi t ions  t o  provide optimum coverage and value are descr ibed  
i n  3.1.2.2.c and 3.1.2.3. 

b. High A l t i t u d e  Observations 

High a l t i t u d e  MAWD observat ions s h a l l  be made i n  
t h e  area scanning mode, with scan dimensions s u f f i c i e n t  t o  provide complete 
coverage of t h e  i l lumina ted  por t ions  o f  t h e  p l ane ta ry  d isk .  
phases t h e  high a l t i t u d e  area scans s h a l l  b e  made a t  a minimum frequency o f  
every f i f t h  o r b i t .  
o r b i t s  as poss ib l e  cons is ten t  with nonin ter fe rence  with o t h e r  o r b i t e r  sc ience  
a c t i v i t i e s .  
be made on every o r b i t .  

During synchronous 

I t  i s  des i r ed  t h a t  t hese  observa t ions  be made on as many 

During nonsynchronous phases t h e  high a l t i t u d e  a rea  scans s h a l l  
* . . .  

c. Medium and Low A l t i t u d e  Area Scans 

The medium and low a l t i t u d e  observat ions made i n  
t h e  area scanning mode are designed p r imar i ly  t o  provide d a t a  r e l a t e d  t o  
d i u r n a l  v a r i a t i o n s  and migration mechanisms. The reg ions  o f  i n t e r e s t  f o r  
t h e s e  purposes are l i s t e d  i n  Table 3.7-3. 
a t  times spaced roughly equal ly  about and inc luding  l o c a l  noon (see  3.1.2.2.d); 
a minimum o f  t h r e e  observat ions within any 20-orbi t  per iod  should be made 
of each region. The p r i o r i t i e s  a s soc ia t ed  with t h e  choice of s e l e c t e d  areas 
of i n t e r e s t  f o r  t h e  medium and low a l t i t u d e  MAWD area scans are ind ica t ed  i n  
Table 3.7-3. 

The observa t ions  should be made 

d. Low Al t i tude  Swaths 

Low a l t i t u d e  swaths c o n s i s t  o f  continuous MAWD 
raster scans made with t h e  midpoint of t h e  MAWD scan o r i e n t e d  c l o s e  t o  t h e  
sub-S/C d i r e c t i o n ;  observat ions i n  t h i s  mode should be made during synchronous 
orbi ts  and should extend as high as p o s s i b l e  i n  l a t i t u d e  cons i s t en t  with 
acceptab le  i l l umina t ion  geometry as s p e c i f i e d  i n  3.1.2.3.a. 

For t h e  mission having t h e  lower o r b i t a l  i n c l i n a -  
t i o n ,  observa t ions  i n  t h e  low a l t i t u d e  swath mode should be  taken on every 
10th  o r b i t ,  wi th  ad jacent  swaths being covered on a l t e r n a t e  s i d e s  of  t h e  
sub-VO p o i n t  a t  p e r i a p s i s  during t h e  in te rvening  passes  when poss ib le .  
For t h e  mission having t h e  higher  o r b i t a l  i n c l i n a t i o n ,  low a l t i t u d e  swath 
observat ions are r equ i r ed  on each pass  with t h e  scan platform o r i en ted  i n  
a d i r e c t i o n  such t h a t  t h e  incidence and emission angles  a t  l a t i t u d e s  > 60’ 
are minimal. 
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Table 3.7-3 

-~ 

3-34 

MAWD REGIONS OF INTEREST FOR MEDIUM AND LOW ALTITUDE AREA SCANS 

Region 

N. Pola r  Cap Edge 

Amazonis 

Nix Olympica 

Nix Olympica 

Nix Olympica 

Chryse 

Elysium 

Ae t h e r  i a 

Nepenthes Thoth 

Me inn on i a 

Zephyria 

M a r g a r i t i f e r  Sinus 

Deucal ionis  Regio 

Hellas 

Hellas 

Aurorae Sinus 

P r i o r i t y  

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

Central Coordinates 
Lat . Long. 

Approx. Area t o  be  Covered 
ta t .  Long. 

+55 

+32 

+30 

+18 

+20 

+36 

+2 4 

+41 

+2 5 

- 20 
-5 

0 

- 15 

-35 

- 44 

- 10 

h Y  

160 .  

140 

134 

121 

32 

2 16 

2 32 

250 

150 

195 

20 

10 

298 

265 

60 

+ l o  
28 

+5 

56 

+3 

28 

+8 

23 

+5 

25 

24 

23 

23 

+4 

+S 

28 

+4 

+5 

+5 

26 

23 

25 

+8 

+3  

25 

+5 

24 

210 

+6 

+4 

+5 

220 
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3.7 Post-Landing Mars Observations (Continued) 

e. Solar  Occul ta t ion  

~ 

3-35 

MAW observa t ions ,  made with t h e  scan platform 
o r i en ted  such t h a t  t h e  midpoint o f  t h e  MAWD scan i n t e r s e c t s  t he  cen te r  of  t h e  
blAWD d i f f u s i o n  p l a t e  during t h e  period k 5 minutes of  s o l a r  limb cross ing ,  are 
r equ i r ed  on both ing res s  and egress  of  any f ive  s o l a r t x c u l t a t i o n s .  I t  i s  

be those  f o r  which t h e  tangent point  i n t e r s e c t s  t h e  s u r f a c e  i n  a low e l e v a t i o n  
region. 

- 

. d e s i r a b l e  t h a t  t h e  o r b i t s  (occul ta t ions)  chosen for t h e s e  observat ions should 

. 

e 

- .  

3.7 . 3 Thermal Mapping 

3.7.3.1 Requirements and Object ives  

a. Off-Axis Response Ca l ib ra t ion  

1) In  t h e  event  t h e  IRTM o f f - ax i s  response 
c a l i b r a t i o n  i s  not performed during i n t e r p l a n e t a r y  c r u i s e  as def ined  i n  
3.2.4.2, it s h a l l  be performed as soon a f te r  landing as p rac t i cab le .  
c a l i b r a t i o n  s h a l l  be performed twice with frame misalignment angles d i f f e r i n g  
by about 90 degrees. 
limb cross ing  d a t a  under t h e  following condi t ions :  

This  

Each sequence c o n s i s t s  of  t h e  acqu i s i t i on  of  b r i g h t  

a )  Continuous d a t a  a c q u i s i t i o n  extending a t  
least 10, p re fe rab ly  20, degrees on e i t h e r  s i d e  o f  limb. 

b) Image motion as nea r  perpendicular  t o  t h e  
limb as p r a c t i c a b l e  (wi th in  10  degrees).  

c) Large p l a n e t  angular  diameter (at least 
60 degrees  i s  des i r ab le ) .  

2) I t  i s  d e s i r e d  t h a t  acqu i s i t i on  of these  d a t a  
be accompanied by a c q u i s i t i o n  of a t  l e a s t  one VIS p i c t u r e  centered on each 
limb cross ing  . 

3) I t  is  d e s i r e d  t o  perform t h i s  c a l i b r a t i o n  
sequence even if t h e  in t e rp l ane ta ry  cruise c a l i b r a t i o n  def ined i n  para-  
graph 3.2.4.2 i s  performed. 

b. Global Coverage 

1) During nonsynchronous o r b i t a l  per iods ,  it 
i s  requi red  t o  ob ta in  predawn global coverage approximately 2 hours be fo re  
p e r i a p s i s  on a t  least every o ther  o r b i t ,  p r e f e r a b l y  each o r b i t .  
p o t e n t i a l l y  t h e  most va luable  IRTM d a t a  t h a t  w i l l  b e  obtained.) 

(This is  

2) When i n  l ande r  synchronous o r b i t  it i s  
d e s i r e d  t o  obta in :  

a) Predawn g loba l  coverage of a t  least t h e  
en t i r e  dark s i d e  at approximately 3-1/2 hours  before  periapsis at approximately 
10-sol i n t e r v a l s .  
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3.7 Post-Landing Mars Observations (Continued) 

b)  Predawn global  coverage of  at least t h e  
c r i t i r c  dark s i d e  a t  approximately 1-1 /2  hours  before  p e r i a p s i s  a t  approxi- 
mately 10-sol i n t e r v a l s .  

c )  Global coverage of  a t  l e a s t  t h e  e n t i r e  
l i g h t e d  s i d e  at approximately 1 hour from p e r i a p s i s  a t  approximately 

. 10-sol i n t e r v a l s .  

c. Po la r  CaD Edge Coverage 

I t  i s  des i r ed  t h a t  t h e  IRTM on e i t h e r  VO ob ta in  
p o l a r  l a t i t u d e  s t r i p s  as def ined i n  3.1.2.4.c a t  mid-sol and a t  n i g h t  ac ross  
the  edges of both p o l a r  caps a t  approximately 10-sol i n t e r v a l s .  

d. Dark Side P lane t  Coverage 

I t  i s  des i r ed  t h a t  t h e  IRTM obta in  as complete 
coverage as p r a c t i c a b l e  of t h e  dark s i d e  of t h e  p l ane t  dur ing  as many as 
10 s o l a r  occu l t a t ions  o f  e i t h e r  VO and t h a t  some of these  observat ions be 
nea r  midnight l o c a l  time a t  small emission angles.  

e, Phobos and Deimos Observations 

I t  i s  des i r ed  t h a t  t h e  IRTM make observat ions o f  
each Martian s a t e l l i t e  as def ined  i n  3.1.2.4.f whenever i t s  diameter subtends 
an angle  g r e a t e r  than 0.2 degree. As a minimum, i t  i s  d e s i r e d  t o  make such 
observat ions at l e a s t  t h r e e  times when t h e  diameter  exceed 0.1 degree. I t  i s  
d e s i r e d  t h a t  observat ions be  obtained over  as wide a range of phase angles  
as poss ib le .  
e c l i p s e  are p a r t i c u l a r l y  valuable.  

Observations covering a s a t e l l i t e  en t rance  or e x i t  from s o l a r  

f. Observations o f  Spec ia l  Areas 

I t  i s  d e s i r e d  t o  ob ta in  d iu rna l  coverage of as 
many o f  t h e  areas s p e c i f i e d  i n  Table 3.7-4 as become access ib le .  

g. M a x i m u m  Diurnal Var ia t ion  Coverage 

condi t ions :  

i n  3.1.2.4.a as poss ib le .  

and sunse t  are des i r ab le .  

1) This coverage i s  obtained under t h e  following 

a) As many o f  t h e  f i v e  l o c a l  times def ined  

b) Addit ional  l o c a l  times inc luding  sunrise 

c) 

d) 

Lat i tude  between -30 and +40 degrees.  

Emission angle  less than 70 degrees.  

. 



M75-143-0 3-37 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
1s. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29 
30 
31. 
32 . 
33. 

Name - 

TABLE 3.7-4 

IRTM SPECIAL INTEREST AREAS 

Lat i tude  

Landing S i t e  A 
Landing S i t e  B 
Hellas Center 
Canyonlands d e l t a ,  Ni l iacus  Lacus 
Nix Olympica, South f lank  
North Po la r  Cap 
West Nix Olympia f l a t  lands 
South Thars i s  
S y r t i s  Major Center  
Iapygia 
South spo t  Caldera  
P la teau  bordering meander, Elysium 
South Polar  Cap 
Cap, dark v a l l e y  
Cerberus Caldera 
Parallel f r a c t u r e s ,  Ascraeus 
Elysium p l a i n  
Roughened a rea ,  Amazonis 
River junc t ion ,  Lunae Palus 
Rough area, Chryse 
Crater t a i l s ,  S y r t i s  Major 
Crater t a i l s ,  Mesogaea 
Canyonlands, Coprates 
Jumble, Chryse 
Mound, Mare Tyrrhenum 
IRR hot  a reas ,  S o l i s  Lacus 
I R R  h o t  a r eas ,  T r i n a c r i a  
I R R  ho t  areas, Aonius Sinus 
I R R  h o t  areas, T i ton ius  Lacus 
I R R  h o t  areas, no r th  edge of Hellas 
I R R  co ld  a reas ,  Er idania  
IRR cold  a reas ,  Tha r s i s  
I R R  co ld  areas, Thaumasia 

-- 
-40 

25 
. 26 

85+ 
28 - 30 
10 

-13 
-9 
19 - 70 

-85 
20 
25 
2 3  
10 
24 

2 
13 
8 

-12 
-8 

-23 
-27 - 27 
-46 
-8 - 30 

-44 
0 - 32 

Longitude 

-- 
300 
40 

133 

160 
120 
290 
305 
120 
2 35 

90 
10  

210 
107 
213 
127 
6 1  
37 

28 3 
192 
66 
33 

254 
76 

2 63 
115 
86 

290 
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3.7 Post-Landing Mars Observations (Continued) 

e) A l l  observat ions obtained i n  about 5 s o l s  
VI' lL!SS. 

f)  Both VO's may be  used. 

2) This coverage i s  d e s i r e d  f o r  a 5-degree wide 
l a t i t u d e  band a t  two widely separated d a t e s  i n  t h e  mission. 
longi tudes may be used. 

D i f f e r ing  

3) This coverage is d e s i r e d  f o r  a t  l e a s t  one 
low-elevation (below - 3  km) and one high-elevat ion (above + 3  km) areas about 
100 km i n  diameter  a t  two widely separa ted  d a t e s  i n  t h e  mission. 

3.7.4 Radio Science 

3.7.4.1 Celestial Mechanics and Charged Particles 

3.7.4.1.1 Requirements and Object ives  

a. Regular Doppler and Range Data 

Continuous S- and X-band Doppler 
and range d a t a  coverage of one f u l l  o r b i t  s h a l l  be obtained f o r  each VO 
approximately every t h i r d  o r b i t ,  within ope ra t iona l  c o n s t r a i n t s .  These d a t a  
s h a l l  have a nominal one-minute sample per iod ,  s tar t  30 minutes p r i o r  t o  one 
p e r i a p s i s  passage and end 30 minutes after t h e  second p e r i a p s i s  passage. 

b. Daily Data Coverage 

1) During t h e  nonsynchronous o r b i t  
ivlars observa t ion  per iods ,  continuous S- and X-band Doppler and range d a t a  
s h a l l  be taken as  1-minute samples for a 4-hour per iod  which inc ludes  pe r i aps i s .  
Simultaneous S-band Doppler and range from t h e  o t h e r  VO s h a l l  be obtained over  
t h e  same time per iod  and from t h e  same t r ack ing  s t a t i o n ,  p re fe rab ly  DSS 14. 

2) I t  i s  d e s i r e d  t o  ob ta in  continuous 
S- and X-band Doppler, range, and DRVID d a t a  f o r  each VO f o r  a per iod  o f  
4 hours centered  about p e r i a p s i s  each so l .  

3) I t  i s  d e s i r e d  t o  ob ta in  continuous 
range and DRVID d a t a  when Doppler d a t a  are being acquired. 

c. Orbi t  Period and I n c l i n a t i o n  Var ia t ion  

1) Nonsynchronous o r b i t s  s h a l l  be 
provided f o r  ob ta in ing  a t  l e a s t  360-degree v a r i a t i o n s  i n  longi tude  of t h e  
subpe r i aps i s  po in t  i n  increments no l a r g e r  than 30 degrees .  

2) It  is  d e s i r e d  t o  have i n c l i n a t i o n s  
o f  t h e  two VO's sepa ra t ed  by a t  l e a s t  30 degrees with t h e  minimum i n c l i n a t i o n  
being 25 degrees.  

8 
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3.7 Post-Landing Mars Observations (Continued) - 
d. O r b i t  T r im o r  Adjustment Maneuver 

Continuous S-band Doppler d a t a  a r e  
r equ i r ed  for  a 2-hour per iod  before  and for  a 2-hour per iod  a f t e r  any o r b i t  
t r i m  or adjustment. 

3.7.4.1.2 Addit ional  Object ives  
I - -  

* 

- .  

a. La t i tude  of  Subper iaps is  Point  

I t  is  d e s i r e d  t o  have one sub- 
p e r i a p s i s  po in t  a t  t h e  m a x i m u m  p r a c t i c a b l e  nor thern  l a t i t u d e  and t h e ' o t h e r  
a t  t h e  m a x i m u m  p r a c t i c a b l e  southern l a t i t u d e .  

b.  P e r i a p s i s  A l t i t ude  Reductions 

A reduct ion  i n  each VO p e r i a p s i s  
a l t i t u d e  t o  t h e  minimum cons i s t en t  wi th  p l ane ta ry  quarant ine  c o n s t r a i n t s  
i s  dcs i r ed  with an o r b i t  pe r iod  v a r i a t i o n  as de f ined  i n  paragraph 3.7.4.1.1.c. 

C. Simultaneous VO Tracking 

During t h e  nonsynchronous Mars 
observa t ion  per iods ,  it is  des i r ed  t o  have simultaneous X-band Doppler and 
range from both o r b i t e r s  i n  add i t ion  t o  t h e  requirements i n  3.7.4.1.1.b. 

d. S o l a r  A c t i v i t y  

Continuous S- and X-band Doppler 
and range coverage f o r  up t o  5 s o l s  i s  d e s i r e d  when s o l a r  events  of s i g n i f i -  
cant  magnitude occur. 

e . X-Band Observations 

I t  i s  d e s i r e d  t o  o b t a i n  X-band d a t a  
whenever a s t a t i o n  equipped t o  r ece ive  it i s  t r ack ing  a VO. 

3.7.4.2 S o l a r  Corona and R e l a t i v i t y  

3.7.4.2.1 Requirements and Objec t ives  

a. When t h e  sun-earth-V0 angle  i s  
less than 15  degrees  and signals are d e t e c t a b l e ,  t h e  implementation o f  
paragraph 3.7.4.1.1.a s h a l l  b e  accomplished such t h a t  f u l l  o r b i t  coverage 
o f  each o r b i t e r  i s  a l t e r n a t e l y  accomplished with approxirr,ately 36 hours  
between t h e  s t a r t  of d a t a  acqu i s i t i on  pe r iods  . 

b.  I t  is  d e s i r e d  t o  o b t a i n  continuous 
S- and X-band Doppler and range coverage of one VO whenever t h e  sun-earth-V0 
angle  i s  less than  15 degrees .  
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3.7 Post-Landing Mars Observations (Continued) 

3.7.4.3 Atmospheric, Ionospheric ,  and Surface  P rope r t i e s  a 
3.7.4.3.1 Requirements and Objec t ives  

a. Near Occul ta t ion  Doppler Data Coverage 

Continuous, simultaneous S- and - 4  
X-band VO Doppler d a t a ,  with a nominal one-second sample i n t e r v a l ,  s h a l l  
be obta ined  f o r  a pe r iod  of at least  15 minutes be fo re  and after a l l  
o c c u l t a t i o n s  o f  t h e  RF s i g n a l s  by Mars or during any pe r iod  i n  which t h e  
r a d i o  s i g n a l  r ay  path passes  wi th in  1,000 km o f  t h e  Martian su r face ,  whichever 
pe r iod  i s  g r e a t e r .  
A l l  d a t a  taken dur ing  en t rance  i n t o  occu l t a t ion  s h a l l  be two-way. 
s h a l l  be  one-way or two-way as def ined i n  3.7.4.3.1.d. 

I 

Sampling r a t e s  as high as t e n  p e r  second may be requi red .  
Exi t  d a t a  

b. Near Occul ta t ion  S igna l  Amplitude 
Data Coverage 

Continuous, d i g i t i z e d ,  c a l i b r a t e d  
s i g n a l  amplitude d a t a  with a nominal 100 samples p e r  second rate s h a l l  be 
ob ta ined  f o r  a t  l e a s t  5 minutes before  and a f t e r  a l l  o c c u l t a t i o n s  of t h e  
RF s i g n a l s  by Mars or dur ing  any per iod i n  which t h e  r a d i o  s i g n a l  r ay  pa th  
passes  wi th in  100 km of t h e  su r face .  

I t  i s  d e s i r e d  t h a t  only engineer ing 
modulation be appl ied  dur ing  occu l t a t ion  d a t a  a c q u i s i t i o n .  
s i g n a l  should be reacqui red  as soon as poss ib l e .  

On e x i t ,  t h e  

c. Occul ta t ion  Period D O D D l e r  Data 
Coverage 

S-band Doppler d a t a  o f  t h e  non- 
occu l t ed  VO are r equ i r ed  dur ing  t h e  n e a r  o c c u l t a t i o n  per iod  of  t h e  o t h e r  VO, 
de sc r ibed  i n  a. above. 
t o  s a t i s f y  requirement a. above. 

This coverage s h a l l  b e  from t h e  same s t a t i o n  used 

d. I n i t i a t i o n  of Post-Occul ta t ion 
Doppler Data Coverage 

One-way Doppler d a t a  are requ i r ed  
upon emergence from o c c u l t a t i o n  f o r  t h e  first 9 o f  every 10 occu l t a t ions .  
In  t h i s  case, rees tab l i shment  of two-way Doppler lock s h a l l  be  delayed u n t i l  
atmospheric effects occuring at  t h i s  time have disappeared.  For each t e n t h  
o c c u l t a t i o n ,  rees tab l i shment  of t h e  two-way Doppler lock s h a l l  be  attempted 
immediately upon emergence. 

e. UHF VL-VO Relay S i m a l  Amplitude 
and S/N Measurements 

Measurements o f  t h e  UHF VL-VO r e l a y  
s i g n a l  amplitude and S/N as a funct ion of time are r equ i r ed  for low r a d i o  
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3.7 Post-Landing Mars Observations (Continued) 

ray graz ing  angles  a t  l e a s t  every f i f t h  o r b i t .  
measurements are t o  be made a t  the  o r b i t e r  ove r  t h e  r e l a y  ope ra t ing  pe r iod  
for t h e  reg ion  o f  opera t ion  o f  t h e  S/N es t ima to r  (nominally -2.7 t o  +2.5 db 
above n o i s e ) .  
beginning or end o f  t h e  r e l a y  se s s ion  should f avor  t h e  horizon provid ing  t h e  
b e s t  g raz ing  condi t ions .  
not  

of  Mars) between t h e  VL and t h e  VO of p a r t i c u l a r  i n t e r e s t  are from 27 degrees  
t o  43 degrees .  

S/N and signal s t r e n g t h  a 
In  s e l e c t i n g  t h e  r e l a y  window f o r  t h i s  measurement, t h e  

In t h e  event  t h a t  t h e  r e l a y  l i n k  performance is  

. horizon,  t h e  experiment may be terminated. The c e n t r a l  angles  ( t o  c e n t e r  . * adequate t o  provide measurements at less than  20 degrees  above e i t h e r  

. 
3.7.4.3.2 Addit ional  Obiec t ives  

a. Occu l t a t ion  Coverage 

I t  i s  d e s i r e d  t o  ob ta in  t h e  maximum 
number of o c c u l t a t i o n s  with maximum v a r i a b i l i t y  i n  longi tude  and l a t i t u d e  
of  t h e  p o i n t  o f  tangency of  t h e  occu l t a t ion  rays .  
o c c u l t a t i o n s  s t a r t  e a r l y  i n  t h e  mission and with l a r g e  sun-earth-V0 angles.  

I t  i s  d e s i r e d  t h a t  

b. Occul ta t ion  a t  t h e  VL S i t e  

I t  i s  d e s i r e d  t o  o b t a i n  o c c u l t a t i o n  
of t h e  v e r t i c a l  column nea r  each VL s i te .  

c. Meteorology Measurement Support a 
For o c c u l t a t i o n s  which occur  wi th in  

20 degrees  c e n t r a l  angle  o f  a VL s i t e ,  it i s  d e s i r e d  t h a t  n e a r  simultaneous 
meteorology temperature and pressure  measurements be obtained. 

d.  P e r i a p s i s  A l t i t u d e  Reductions 

I t  i s  d e s i r e d  t o  o b t a i n  reduct ions  
i n  p e r i a p s i s  a l t i t u d e  t o  the minimum c o n s i s t e n t  wi th  p l ane ta ry  qua ran t ine  
requirements.  

e. Dual Spacecraf t  Tracking 

I t  is  d e s i r e d  t o  t r a c k  both t h e  
occu l t ing  and nonoccul t ing VO's simultaneously at both S- and X-band with 
t h e  same DSS. 

. 
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1 . O  V I  K l t X ;  I A N l ~ I ~ l ~  SCIENCii REQUIREMENTS, ORJIiCTIVES, AND CONSTRAINTS --- 
'Iliis sect  ion dcfines the detailed VL science mission design require- 

ments, objectives, and constraints for  the Mission A and Mission B VL 
investigations. 

4.0.1 General Requirements 

a. Surface Sampler Use and Sample Strategy 

The following strategy has been developed to assure 
minimum risk for  the accomplishment of the landed science requirements and 
objectives: 

1 .  
samples for the Biology, Molecular Analysis, and Inorganic Chemical Investi- 
gations until the second sample for these investigations has been obtained. 

The surface sampler will only be used to acquire 

2. The first sample shall be for Biology and Molecular 
Analysis investigations (common sample), followed by the first sample for 
the Inorganic Chemical Investigation. 

3. The second sample for the Inorganic Chemical 
Investigation shall not be acquired until after the second sample for  
Biology and Molecular Analysis. 

For purposes of preflight mission design, table 4.0.1-1 
(TBD) lists the sequence for the various uses of the surface sampler during 
Mission A and Mission B. 

b. Preseparation Instrument Calibration 

During preseparation checkout, a calibration shall be 
provided for the following instruments: Entry Pressure, RPA, UAMS, XS'r;, 
and the meteorology sensors. 

c. Data Transmission 

All nonimaging science data and any imaging data necessary 
for the conduct of mission operations shall be returned at bit error rates 
less than 3 x 10-3 (based on the sum of adverse tolerances). 

4.1 Entry 

4.1.1 AtmosDheric ComDosition 

4.1.1.1 Requirements and Objectives 

a. Operating Range 

The UAMS shall obtain data from an altitude 
corresponding to an ambient pressure equal to or less than 10-10 millibar 
to an altitude corresponding to an ambient pressure as close to 10-4 milli- 
bar as is consistent with aerodynamic constraints. 
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. .  4.1 Entry (Continued) 

b. Attitude Control 

The VL attitude shall be controlled such 
that the longitudinal axis of the UAMS is maintained within 20' of the VL 
velocity vector over the measurement range specified in paragraph 4.1.1.la. 

4.1.1.2 Additional Objectives 

It is desired t o  extend the UAMS warm-up period 
from Entry-40 minutes to Entry-70 minutes. 

4.1.2 Ionospheric Properties 

4.1.2.1 Requirements and Objectives 

a. Op erating Range 

The RPA shall obtain data from completion of 
the deorbit burn to an altitude corresponding to an ambient pressure as 
close to millibar as is consistent with aerodynamic constraints. 

b. SamDline Rate 

The RPA shall perform analyses for at least 
a 24-second period corresponding to a 10 percent change in altitude over 
the period from completion of deorbit propulsion burn to an altitude 
corresponding to an ambient pressure of approximately 10-10 millibar. 
The RPA shall operate continuously over the altitude rang3 corresponding 
to the ambient pressure range of to millibar. 

It is desired that the RPA perform analyses 
continuously over the period from completion of the deorbit propulsion 
burn to an altitude corresponding to an ambient pressure of 10-4 millibar. 

c. Attitude Control 

1) During instrument operation, the VL attitude 
shall be controlled such that the sun is prevented from shining into the 
RPA port, that is, within 90" of the instrument longitudinal axis, until an 
altitude corresponding to a pressure equal to or greater than 10-10 millibar 
is reached. 

During instrument operation, it is 
desired that the sun be prevented from shining into the RPA port from an 
altitude corresponding to a pressure equal to or less than 
an altitude corresponding to a pressure equal to or greater than 

millibar to 
millibar. 

2) The VL attitude shall be controlled such 
that the longitudinal axis of the RPA is maintained within 20' of the VL 
relative velocity vector from an altitude corresponding to a pressure equal 
to or less than 
equal to or greater than a millibar to an altitude corresponding to a pressure 

millibar. 
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4 .  i iintry (Continued) 

4.1.3 Atmospheric S t ruc tu re  

* 

. ,. 

i -  

i -  

a 

4.1.3.1 Requirements and Object ives  

a. Entry Data 

The requirements are as def ined  i n  s e c t i o n  4.2.3 
of t h e  Viking Mission Def in i t i on ,  M75-123. 

b. Landed Data 

The th ree -ax i s  accelerometer  readings s h a l l  be 
obtained f o r  a t  l e a s t  5 minutes a f t e r  landing on t h e  s u r f a c e  o f  Mars t o  d e f i n e  
the  local acce le ra t ion  due t o  grav i ty ,  t h e  p l ane ta ry  r ad ius  a t  t h e  landing 
s i te ,  and t h e  angular  o r i e n t a t i o n  of t h e  landed spacec ra f t .  

4.2 Landed 

4.2.1 Imaging 

a. General-Requirements and Object ives  

The Imaging Inves t iga t ion  s h a l l  ob ta in  images such t h a t :  

. .  

1) The en t i re  sample area is  photographed with mul t ip l e  
l i g h t i n g  condi t ions  us ing  a l l  imaging modes ( i . e . ,  h igh r e s o l u t i o n  black-  
white ,  c o l o r ,  I R ,  S te reo) .  

2) Targets  o f  oppor tuni ty  are photographed with mul t ip l e  
l i g h t i n g  condi t ions  using a l l  imaging modes. 

3) Areas o f  p o t e n t i a l  change ( v a r i a b l e  f e a t u r e s )  are 
photographed repea ted ly  under i d e n t i c a l  l i g h t i n g  condi t ions  us ing  a l l  
imaging modes. 

4) Selected areas are observed during opera t ion  o f  
meteorological  instruments .  
winds and e o l i a n  depos i t i ona l  events.  

Special  observa t ions  w i l l  be made af ter  high 

5) Footpads are repea ted ly  photographed with a l l  imaging 
modes t o  determine cha rac t e r  of s u r f i c i a l  materials and p o s s i b l e  progress ive  
changes. 

6 )  Trenches dug wi th  t h e  Surface Sampler Subsystem 
are repea ted ly  photographed w i t h  a l l  imaging modes t o  determine cha rac t e r  
of s u r f i c i a l  materials and poss ib l e  progress ive  changes. 

7) Rocks and sediment samples manipulated with t h e  
Surface  Sampler Subsystem are repeatedly photographed us ing  a l l  imaging 
modes t o  determine cha rac t e r  and change. 

8) Possible  d u s t  coa t ings  on t h e  spacec ra f t  are 
repea ted ly  Photographed with a l l  imaging modes t o  determine presence and 
evolu t ion .  
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4.2 Landed (Continued) 

9) Poss ib le  motion i n  t h e  f i e l d  o f  view is monitored 
by s i n g l e  l i n e  scan (high r e so lu t ion ,  c o l o r ,  I R ) .  

10) 
by convent ional  frame photographing and by s i n g l e  l i n e  scan. 
w i l l  be  obta ined  during t h e  Martian n igh t .  

Surveys of Phobos, Deimos, and stars are accomplished 
Some images 

11) Selec ted  a reas  o f  t h e  s u r f a c e  are photographed us ing  
mi r ro r s  mounted on t h e  Surface Sampler Subsystem. 

12) Surface ma te r i a l s  i n  t h e  c o l l e c t o r  head jaw are 
photographed u t i l i z i n g  t h e  magnifying mirror. 

13) The t h r e e  ex te rna l  t a r g e t s  are photographed r epea ted ly  
with mul t ip l e  l i g h t i n g  condi t ions  u t i l i z i n g  a l l  imaging modes. 

For purposes of p r e f l i g h t  Mission Design, the  
Imaging Inves t iga t ion  requirements a re  l i s t e d  i n  Table 4.2.1.1-1, along 
with imaging sequences t o  support  o ther  s c i ence  i n v e s t i g a t i o n s .  
t a b l e  items s h a l l  be accomplished sequen t i a l ly ,  t h a t  is ,  i n  t h e  o rde r  
given, where poss ib le .  
f o r  d a i l y  updat ing of  a t  least t e n  images p e r  s o l .  

The 

The mission design s h a l l  provide t h e  c a p a b i l i t y  

b. Deta i led  Requirements and Object ives  

11 I n i t i a l  h e r a t i o n  

"he LCS s h a l l  acqui re  and t r ansmi t  t h e  
m a x i m u m  d a t a  p r a c t i c a b l e  i n  t h e  i n i t i a l  r e l a y  l i n k .  
camera s h a l l  no t  be  scheduled before  VL sol  two. 

Use o f  t h e  second VL 

21 Relay Data Transmission Reauirements 

For t h e  purpose of p r e f l i g h t  mission design,  imaging 
d a t a  s h a l l  u t i l i z e  t h e  c a p a b i l i t y  of t h e  r e l a y  l i n k  t o  t r ansmi t  with b i t  
e r r o r  rates as high as 2 x 10-2 wi th in  power, thermal,  or o t h e r  system 
c o n s t r a i n t s .  When schedul ing d a t a  t ransmission,  nominal l i n k  performance 
s h a l l  be  used f o r  imaging sc ience  data.  

3) Surface Samuler Pos i t i on  f o r  Near-Field Imagine 

The Surface Sampler parking p o s i t i o n s  s h a l l  be 
planned such t h a t  minimum v i s u a l  i n t e r f e r e n c e  occurs  f o r  n e a r - f i e l d  
imaging sequences. 
sampler s a f e t y  requirements.  

These p o s i t i o n s  s h a l l  be  c o n s i s t e n t  with s u r f a c e  

4) Slow Scan Rate Data 

A minimum o f  1.0 x lo8 b i t s  of t h e  imaging d a t a  
acquired during t h e  landed mission s h a l l  be  taken  a t  t h e  slow scan rate, 
0.25 Kbps. Otherwise, d a t a  s h a l l  be obtained a t  t h e  high scan rate, 16 Kbps. 

- f  
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4 . 2  Landed (Continued) 

4.2.1.2 Additional Object ives  

4.2.1.2.1 General 

I t  i s  d e s i r e d  t o  o b t a i n  4.0 x lo7 b i t s  
of imaging and o t h e r  l ande r  sc ience  d a t a  each so l  t h a t  t h e  UHF l i n k  i s  
e s t ab l i shed .  . 

I t  i s  des i r ed  t h a t  t h e  maximum t ransmiss ion  
rate with acceptab le  error b i t  r a t e  b e  u t i l i z e d  f o r  t h e  S-band l i n k  t o  i n c r e a s e  
the  amount of  recorded imaging which can be  t r ansmi t t ed  t o  e a r t h .  

. 

- 

0 

4.2.1.2.2 m t i m i z a t i o n  o f  Lightinn Over t h e  
Surface  Sampler Area 

a. Landed Or ien ta t ion  

I t  is  d e s i r e d  t h a t  t h e  l i g h t i n g  over  
the  su r face  sample a r e a  be optimized by o r i e n t i n g  t h e  l ande r  p o s i t i o n  i n  
azimuth. The landed V L  o r i e n t a t i o n  should b e  such t h a t  l e g  #1 is pointed 
north.  

4.2.2 Biology 

4.2.2.1 Requirements and Object ives  

4.2.2.1.1 General 

a. Sample Acquis i t ion 

1) Four d i f f e r e n t  s u r f a c e  samples 
s h a l l  be acquired f o r  ana lys i s .  

2) The biology sample f o r  t h e  
f i r s t  a n a l y s i s  s h a l l  be acquired on t h e  first safe opera t ion  of t h e  sampler. 

3) Commonality of  s o i l  samples fo r  
biology,  organic ,  and inorganic  i n v e s t i g a t i o n s  i s  a requirement f o r  t h e  f i rs t  
two samples acquired f o r  biology and is  an ob jec t ive  f o r  t h e  las t  two samples. 
Two samples are common when they have been acquired from approximately t h e  
same l o c a t i o n  and depth,  and a t  approximately t h e  same t i m e .  

b. I n i t i a l i z a t i o n  and Analysis Scheduling 

1. The instrument i n i t i a l i z a t i o n  
sequence s h a l l  b e  completed a min imum of 5 hours  p r i o r  t o  t h e  first Biology 
Analysis  Sequence i n i t i a t i o n .  

2. Four 15-sol a n a l y s i s  segments s h a l l  
be scheduled;  t h e  first segment commencing no l a t e r  than  s o l  6 .  
d e s i r e d  t h a t  t h e  a n a l y s i s  segments b e  sepa ra t ed  by 5-sol  intervals.  

I t  i s  
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c. Supporting Data from Other Inves t iga t ions  Q 
1) VL imaging d a t a  s h a l l  be obtained 

fo r  each sampling opera t ion  a s  follows: 

a)  . F i r s t  sample - Imaging d a t a  
s h a l l  be obta ined  and analyzed t o  assure  t h e  safe opera t ion  o f  t h e  sampler. 
I f  imaging d a t a  permit a choice o f  severa l  s a f e  sample s i tes ,  t h e  s i t e  s e l e c t e d  
should be t h a t  which appears t o  be  most d e s i r a b l e  from t h e  b i o l o g i c a l  po in t  of  
view. 

b) Imaging d a t a  s h a l l  be used 
t o  s e l e c t ,  where poss ib l e ,  t h e  most d e s i r a b l e  samples f o r  biology for t h e  
second, t h i r d ,  and four th  samples. 

c)  I t  is requi red  t h a t  t h e s e  
imaging d a t a  be acquired before  and a f t e r  each sample acqu i s i t i on .  
des i r ed  t o  have t h e  p i c t u r e s  taken immediately before  and a f t e r  t h e  ope ra t ion ,  
depending upon o t h e r  c o n s t r a i n t s .  

I t  is  

2) Atmospheric Analysis d a t a  from 
t h e  GCMS experiments s h a l l  be obtained and used t o  v e r i f y  t h e  d i s s i p a t i o n  
of t h e  landing exhaust  gases  p r i o r  t o  t h e  sampling f o r  biology on s o l  6 .  

3) I t  i s  d e s i r e d  t o  have meteorology 
d a t a  a v a i l a b l e  i n  a t imely  fash ion  t o  support  update o f  commands t o  t h e  SSCA 
for t h e  s o l  6 sample acqu i s i t i on .  

4) I t  i s  d e s i r e d  t h a t  meteorology 
temperature  d a t a  be obtained and used t o  v e r i f y  t h a t  t h e  sample temperature  
w i l l  no t  exceed t h a t  prescr ibed  i n  paragraph 4.2.2.1.5. 

d.  Control Analysis 

For each o f  t h e  t h r e e  Biology 
experiments,  t h e  op t ion  s h a l l  e x i s t  t o  run a con t ro l  a n a l y s i s  during any of 
t h e  last t h r e e  a n a l y s i s  segments. For t h e  purpose of p r e f l i g h t  mission 
design,  t h e  c o n t r o l  ana lyses  for Pyroly t ic  Release and Labeled Release occur 
dur ing  t h e  t h i r d  a n a l y s i s  segment; f o r  Gas Exchange, during t h e  fou r th  
a n a l y s i s  segment. 

4.2.2.1.2 Pyro ly t ic  Release 

a. 
a r e r i o d  of up t o  5 s o l s  followed immediately by a measuremevt phase. 

b. 

The s o i l  sample s h a l l  be  incubated f o r  

The opt ion  s h a l l  e x i s t  t o  t u r n  o f f  t h e  
lamp upon command during any incubation per iod.  
des ign ,  t h e  lamp s h a l l  be on continuously during incubat ion  for t h e  f i rs t  
t h r e e  a n a l y s i s  segments ( inc luding  control spec i f i ed  i n  d. above) and o f f  
f o r  t h e  four th  a n a l y s i s  segment. 

For t h e  purpose of mission . 
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c. The opt ion  s h a l l  e x i s t  t o  command t h e  
addition of water  vapor t o  t h e  s o i l  sample. 
J c s ign ,  the t h i r d  and four th  segments should have added water vapor,  and 
t h e  f i rs t  and second segments should not .  

For t h e  purpose o f  mission e 
d. The opt ion  s h a l l  e x i s t  t o  s e l e c t  which 

of t h e  t h r e e  incubat ion  chambers s h a l l  b e  used for any given incubat ion  

s h a l l  be placed i n  Chamber #1, t h e  second sample s h a l l  be placed i n  Chamber #2 ,  
t he  t h i r d  sample s h a l l  be  placed i n  Chamber #3, and t h e  fou r th  incubat ion  s h a l l  

* - and a n a l y s i s  cycle.  For t h e  purposes of mission design,  t h e  f i r s t  sample 

w be run i n  Chamber #1. 

4.2.2.1.3 Labeled Release Emeriment 

a. The s t a r t i n g  sequence o f  each incubat ion  
s h a l l  be ad jus ted  with r e spec t  t o  time such t h a t  t h e  p red ic t ed  n u t r i e n t  tempera- 
t u r e  at time of i n j e c t i o n  i s  e s s e n t i a l l y  cons tan t  from one incubat ion  cyc le  
t o  another ,  and t h a t  t h e  p red ic t ed  d i u r n a l  incubat ion temperature v a r i a t i o n s  
a r e  synchronous from one incubation cyc le  t o  t h e  next .  This  requirement is  
p a r t i c u l a r l y  important with respec t  t o  t h e  con t ro l  incubation. 

b. Sample Radioac t iv i ty  Measurement 

The cumulative r e l e a s e  of r a d i o a c t i v i t y  
s h a l l  be measured with a frequency not  less than once every hour f o r  approxi- 
mately 13 s o l s  f o r  each ana lys i s .  

c. Backeround Radioac t iv i tv  Measurement 

The r a d i o a c t i v i t y  background s h a l l  be  
counted f o r  two 24-hour per iods  wi th in  t h e  15-sol  experiment per iod  f o r  each 
segment. 

d. Commandable Nut r ien t  I n i e c t i o n  

The mission design s h a l l  have t h e  
c a p a b i l i t y  t o  command i n j e c t i o n  of a second a l i q u o t  o f  n u t r i e n t  dur ing  
incubat  i on  i f  des i red .  

4.2.2.1.4 Gas Exchange Experiment 

a. Analysis  Scheduling 

1) During each 15-sol per iod ,  t h e  . chamber gas s h a l l  be  analyzed twice on s o l  1, and once on sols  2 ,  4, 8, 
and 15. 

2) Before te rmina t ion  o f  t h e  f i r s t ,  . 
second, and t h i r d  incubat ion segments ( p r i o r  t o  d ra in ing  t h e  incubat ion  
chamber), an a d d i t i o n a l  gas ana lys i s  s h a l l  be  performed. 
purging, and in t roduc t ion  o f  fresh n u t r i e n t  and incubat ion  atmosphere, t h e  
chamber gas s h a l l  be analyzed as i n  4.2.2.1.4.a.l. 

Then, a f t e r  d ra in ing ,  
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3) Should t h e  opt ion  f o r  n u t r i e n t  i n j ec -  
t i o n  (c .  below) be commanded, an addi t iona l  a n a l y s i s  s h a l l  be run on s o l  7 ,  
after n u t r i e n t  i n j e c t i o n .  

b. Medium and Gas Addition and Experiment 
R e i n i t i a t i o n  

1) For t h e  f irst  incubat ion per iod,  t h e  
amount of medium added t o  t h e  chamber s h a l l  be s u f f i c i e n t  t o  humidify t h e  s o i l  
without d i r e c t  contac t  with t h e  s o i l  sample. 

2) Immediately p r i o r  t o  i n i t i a t i n g  t h e  
remaining incubat ion per iods ,  t h e  medium shal l  be drained and replaced with 
f r e s h  medium, and gas s h a l l  be flushed and rep laced  with f r e s h  gas. 

c. Commandable Nutr ient  I n i e c t i o n  

The opt ion  s h a l l  e x i s t  t o  complete t h e  
add i t ion ,  on s o l  7 ,  of  n u t r i e n t  medium t o  t h e  sample dur ing  t h e  f i r s t  incuba- 
t i o n  cyc le  so as t o  wet t h e  s o i l .  
a d d i t i o n a l  a n a l y s i s  s p e c i f i e d  above i n  a. 3) s h a l l  be run. The recons t ruc ted  
d a t a  from t h e  gas sampling on sol 4 is  requi red  f o r  dec i s ion  on t h i s  opt ion.  

Should t h i s  op t ion  be exerc ised ,  t h e  

d. Time and Thermal Considerat ions 

Gas chromatograms s h a l l  be taken dur ing  
per iods  of m a x i m u m  s t a b i l i t y  o f  t h e  d e t e c t o r  as determined by thermal a n a l y s i s  
and tests. The mission design s h a l l  have t h e  c a p a b i l i t y  t o  a d j u s t  these 
per iods  t o  t h e  favorable  thermal windows f o r  each incubat ion cyc le  a f t e r  
r e c e i p t  of lander  temperature da ta .  
analyses  s h a l l  be performed a t  t h e  same l o c a l  time throughout t h e  incubat ion 
cycle .  

Once a window is s e l e c t e d ,  t hese  

4.2.2.1.5 Sample Temperature t 

The maximum temperature of  t h e  sample, from 
a c q u i s i t i o n  u n t i l  d e l i v e r y  t o  t h e  t e s t  cells ,  s h a l l  no t  exceed t h e  maximum 
incubat ion temperature o r  t h e  m a x i m u m  d i u r n a l  temperature by more than 10' C. 

4.2.2.1.6 Mission B 

The s tar t  of  sampling and incubat ion f o r  
Biology on Mission B may be earlier than s p e c i f i e d  above f o r  Mission A 
depending upon d a t a  a v a i l a b l e  from Mission A (such as atmospheric ana lys i s )  . 
Time dependent events ,  optimize6 f o r  thermal cons idera t ions ,  may be d i f f e r e n t  
f o r  Mission B. 

- 

. 
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c. The opt ion  s h a l l  e x i s t  t o  command t h e  
addition of water vapor t o  t h e  s o i l  sample. 
dcs ign ,  t h e  t h i r d  and four th  segments should have added water  vapor,  and 
the  first and second segments should not .  

For t h e  purpose o f  mission 
a 

d. The opt ion  s h a l l  e x i s t  t o  select which 
of t h e  t h r e e  incubat ion  chambers s h a l l  be  used for  any given incubat ion  
and a n a l y s i s  cycle .  
s h a l l  be p laced  i n  Chamber #1, t h e  second sample s h a l l  be placed i n  Chamber #2,  
t he  t h i r d  sample s h a l l  be  placed i n  Chamber #3,  and t h e  fou r th  incubat ion  s h a l l  
be run i n  Chamber #1. 

9 
- '  - For t h e  purposes of mission design,  t h e  first sample 

0 

4.2.2.1.3 Labeled Release Experiment 

a. The s t a r t i n g  sequence of each incubat ion  
s h a l l  be ad jus t ed  with r e spec t  t o  time such t h a t  t h e  p red ic t ed  n u t r i e n t  tempera- 
t u r e  a t  time of i n j e c t i o n  i s  e s s e n t i a l l y  cons tan t  from one incubat ion  cyc le  
t o  another ,  and t h a t  t h e  pred ic ted  d i u r n a l  incubat ion temperature  v a r i a t i o n s  
a r e  synchronous from one incubation cyc le  t o  the  next .  This  requirement is 
p a r t i c u l a r l y  important with respec t  t o  t h e  con t ro l  incubat ion.  

b. Samule Radioac t iv i ty  Measurement 

The cumulative r e l e a s e  of r a d i o a c t i v i t y  
s h a l l  be  measured with a frequency no t  less than ohce every hour f o r  approxi- 
mately 13 s o l s  f o r  each ana lys i s .  

c. Background Radioac t iv i ty  Measurement 
a 

The r a d i o a c t i v i t y  background s h a l l  be  
counted for two 24-hour pe r iods  wi th in  t h e  15-so l  experiment pe r iod  f o r  each 
segment. 

d. Commandable Nut r ien t  I n j e c t i o n  

The mission design s h a l l  have t h e  
c a p a b i l i t y  t o  command i n j e c t i o n  of a second a l i q u o t  of  n u t r i e n t  dur ing  
incubat ion  i f  des i r ed ,  

4.2.2.1.4 Gas Exchange Experiment 

a. Analysis  Scheduling 

1)  During each 15-sol per iod ,  t h e  - chamber gas s h a l l  be analyzed twice on s o l  1, and once on sols 2 ,  4,  8, 
and 15. 

. 2) Before te rmina t ion  o f  t h e  first,  
second, and t h i r d  incubat ion  segments ( p r i o r  t o  d ra in ing  t h e  incubat ion  
chamber), an a d d i t i o n a l  gas ana lys i s  s h a l l  be  performed. 
purging,  and in t roduc t ion  of f resh  n u t r i e n t  and incubat ion  atmosphere, t h e  
chamber gas s h a l l  be analyzed as i n  4.2.2.1.4.a.l. 

Then, after d ra in ing ,  

a 
/ 
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3) Should t h e  opt ion  f o r  nu t r i en t  i n j ec -  

t i o n  (c. below) b e  commanded, an add i t iona l  a n a l y s i s  s h a l l  be run on so l  7,- 
after n u t r i e n t  i n j e c t i o n .  

b. Medium and Gas Addition and Experiment 1 
Re i n i  t i  a t  i on 

1) For t h e  first incubat ion per iod ,  t h e  
amount o f  medium added t o  t h e  chamber s h a l l  be s u f f i c i e n t  t o  humidify t h e  s o i l  
without d i r e c t  con tac t  with t h e  s o i l  sample. 

2) Immediately p r i o r  t o  i n i t i a t i n g  t h e  
remaining incubat ion  per iods ,  t h e  medium s h a l l  be dra ined  and rep laced  with 
f r e s h  medium, and gas s h a l l  be  f lushed and rep laced  with f r e s h  gas. 

c. Commandable Nut r ien t  I n j e c t i o n  

The op t ion  s h a l l  e x i s t  t o  complete t h e  
add i t ion ,  on s o l  7 ,  of n u t r i e n t  medium t o  t h e  sample dur ing  t h e  first incuba- 
t i o n  cyc le  so as t o  wet t h e  so i l .  
a d d i t i o n a l  a n a l y s i s  s p e c i f i e d  above i n  a. 3) s h a l l  be  run. The r econs t ruc t ed  
d a t a  from t h e  gas sampling on s o l  4 is requ i r ed  f o r  dec i s ion  on t h i s  op t ion .  

Should t h i s  opt ion be  exerc ised ,  t h e  

d. Time and Thermal Considerat ions 

Gas chromatograms s h a l l  be  taken dur ing  0 
per iods  of  m a x i m u m  s t a b i l i t y  of  t h e  d e t e c t o r  as determined by thermal a n a l y s i s  
and tests. The mission design s h a l l  have t h e  c a p a b i l i t y  t o  a d j u s t  t h e s e  
pe r iods  t o  t h e  favorable  thermal windows f o r  each incubat ion  cyc le  a f t e r  
r e c e i p t  of lander  temperature da t a .  
ana lyses  s h a l l  be  performed a t  t h e  same l o c a l  time throughout t h e  incubat ion  
cycle .  

Once a window i s  s e l e c t e d ,  t h e s e  

4.2.2.1.5 Sample Temperature 8 

The m a x i m u m  temperature  of t h e  sample, from 
a c q u i s i t i o n  u n t i l  d e l i v e r y  t o  t h e  t e s t  c e l l s ,  s h a l l  n o t  exceed t h e  maximum 
incubat ion  temperature  or t h e  m a x i m u m  d i u r n a l  temperature  by more than  10' C. 

4.2.2.1.6 Mission B 

The s ta r t  o f  sampling and incubat ion  for 
Biology on Mission B may be  earlier than  s p e c i f i e d  above f o r  Mission A 
depending upon d a t a  a v a i l a b l e  from Mission A (such as atmospheric a n a l y s i s ) .  
T i m e  dependent even t s ,  optimized f o r  thermal cons ide ra t ions ,  may be  d i f f e r e n t  
f o r  Mission B. 
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a 
0 

4.2.3 Organic Analysis 

4.2.3.1 Requirements and Object ives  

a. Sample Acquis i t ion 

- . 1) Three d i f f e r e n t  s u r f a c e  samples s h a l l  be 
obtained f o r  o rgan ic  ana lys i s .  The c a p a b i l i t y  s h a l l  ex i s t  t o  provide a 
sample t o  t h e  GCE1S which is  common with t h e  biology sample. 
p r e f l i g h t  mission des ign ,  t h e  f i rs t  two samples s h a l l  be common wi th  the  f i r s t  
two biology samples. 

For purposes of 

The t h i r d  sample s h a l l  be  a subsur face  sample. 

2) VL imaging d a t a  o f  t h e  sample a r e a  s h a l l  
be acquired as soon a s  poss ib l e  before and a f te r  sampling t o  support  sample 
s e l e c t i o n  a s  s p e c i f i e d  i n  Table 4.2.1.1-1. 

3) The temperature  o f  t h e  sample s h a l l  no t  be  
r a i s e d  t o  more than  10" C above the  ambient a c q u i s i t i o n  temperature o r  50' C,  
whichever is lower, u n t i l  t he  beginning of  t h e  experiment. 
a c q u i s i t i o n  t h e r e  s h a l l  b e  no delay i n  f i l l i n g  and s e a l i n g  t h e  oven. 
first a n a l y s i s  of each sample s h a l l  be accomplished wi th in  24 hours o f  irs 
acqu i s i t i on .  

Af t e r  sample 
The 

b. Analysis Scheduline 

1) Each of t h e  t h r e e  samples s h a l l  first 
be analyzed by hea t ing  t o  e i t h e r  200° C or 350° C ( s e l e c t a b l e  by ground 
command). Following d a t a  ana lys i s ,  t h e  second a n a l y s i s  s h a l l  be performed 
approximately 3 sols l a t e r  by hea t ing  t h e  sample t o  50Co C. 

a 

2) The t h r e e  sets o f  two organic  ana lyses  
s h a l l  be conducted a t  approximately equal time i n t e r v a l s  throughout t h e  
landed phase o f  t h e  mission. 

3) One GC column condi t ion ing  sequence 
s h a l l  be  performed p r i o r  t o  t h e  f i r s t  sample ana lys i s .  

4) The 36-minute hold  d u r a t i o n  at m a x i m u m  GC 
column temperature  s h a l l  b e  u t i l i z e d .  

I t  is  d e s i r e d  t o  u t i l i z e  t h e  54-minute 
ho ld  du ra t ion  a t  maximum GC column temperature.  

- 0  

5) The mission sequence of  events  s h a l l  be 
planned so t h a t  t h e  experiment sequence o f  events  for  organic  a n a l y s i s  
s h a l l  be capable  o f  being updated before  t h e  second a n a l y s i s  (500' C) of 
each set  of analyses .  
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4.2.4 Atmospheric Composition 

4.2.4.1 Requirements and Object ives  

a. I n i t i a l  Analysis 

Four atmospheric analyses  s h a l l  be performed 
d a i l y  commencing at approximately 22  hours after lander  midnight on lander  
sol  2 ,  and cont inuing each s o l  f o r  a 3-sol per iod.  
s h a l l  then be repeated approximately every 6 s o l s  t h e r e a f t e r .  

The four  d a i l y  analyses  

For t h e  purpose of p r e f l i g h t  mission design,  
the  four  ana lyses  s h a l l  be two mode "a" and two mode l fb , l l  which s h a l l  be 
a l t e r n a t e d  and equal ly  spaced throughout t h e  day wi th in  system cons t r a in t s .  

4.2.4.2 Additional Ob j ec t ives  

a. Analysis Scheduling 

1) I t  i s  des i r ed  t h a t  as many atmospheric 
analyses  as p r a c t i c a b l e  be accomplished p r i o r  t o  biology instrument venting. 

2) I t  i s  des i r ed  t h a t  no atmospheric analyses  
be conducted wi th in  48 hours a f t e r  completion of an organic  ana lys i s .  

3) One f i l t e r e d  atmospheric ana lys i s  s h a l l  u t i l i z e  
t h e  m a x i m u m  r ecyc l ing  c a p a b i l i t y  (10 f i l t e r i n g  cyc les )  of t h e  system. 

4.2.5 Meteorology 

4.2.5.1 Requirements and Object ives  

4.2.5.1.1 General 

a. Operat ional  Cycle 

1) The b a s i c  opera t iona l  cyc le  
s h a l l  be t o  measure temperature,  wind d i r e c t i o n ,  and wind speed, with 
samples every 4 seconds for 6 minutes o f  each hour dur ing  t h e  d iu rna l  cycle.  
Pressure  and temperature d a t a  s h a l l  b e  acquired from t h e  parachute  phase 
p re s su re  and temperature sensors  during t h e  meteorology d a t a  acqu i s i t i ons ,  
c o n s i s t i n g  of  four  determinat ions of pressure  p e r  sequence. In addi t ion ,  it 
is d e s i r e d  t h a t  t h e  platinum resistor wi th in  t h e  ae roshe l l  phase temperature 
sensor  be monitored t o  supply d a t a  i n  t h e  event  t h a t  t h e  thermocouples do 
not  su rv ive  landing. 

2) For purposes of p r e f l i g h t  mission 
des ign  t h e  following t a b l e  s h a l l  govern meteorology scheduling: 
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Uata a c q u i s i t i o n  

Maximum 
Normal - Minimum 

Sampling ra te  Module du ra t ion  

1 p e r  second 1.5 minutes 
1 p e r  4 seconds 6 minutes 
1 p e r  120 seconds 180 minutes 

The meteorology cyc le  s h a l l  be  capable o f  be ing  updated by ground command. 

p e r  one hundred twenty seconds,  sampling du ra t ion  from one and one-half t o  
one hundred e igh ty  minutes, and sampling sequence frequency from zero  t o  

The * '  - updat ing s h a l l  c o n s i s t  of sampling ra te  changes from once p e r  second t o  once 

twenty four  times p e r  cycle.  

I t  i s  d e s i r e d  t h a t  longer  
modules conta in ing  more d a t a  b i t s  b e  obtained du r ing  t h e  mission des ign  
when f e a s i b l e .  

b. Duration o f  Operation 

The Meteorology Inves t iga t ion  s h a l l  
opera te  throughout t h e  nominal 90-sol landed mission. 

c. I n t e r r u p t s  of Operation 

I n t e r r u p t s  i n  t h e  b a s i c  ope ra t iona l  
cycle due t o  S-band transmissions s h a l l  n o t  cover t h e  same t ime per iod  o r  
p a r t s  t he reo f  i n  success ive  s o l s ,  where poss ib l e .  a 

d. Temperature P r o f i l e  Data 

The SSAU s h a l l  be progrsmed t o  
ob ta in  v e r t i c a l  temperature p r o f i l e s  at least e i g h t  times dur ing  t h e  mission,  
fol lowing a c q u i s i t i o n  o f  t h e  t h i r d  sample f o r  t h e  Biology, Organic Analysis,  
and Inorganic  Chemical Inves t iga t ions .  

4.2.5.1.2 I n i t i a l  Operat ions 

a. Boom Deployment 

s h a l l  be  delayed t o  
systems c o n s t r a i n t s  

The meteorology boom deployment 
I as c l o s e  as poss ib l e  t o  landing p l u s  10 minutes wi th in  
, so  t h a t  t h e  deployment opera t ion  may a i d  i n  removal of 

d u s t  from t h e  sensors .  
b. Imaging Support 

1) Low r e s o l u t i o n  imaging of 
t h e  e n t i r e  su r face  capable  of  being viewed s h a l l  b e  obta ined  no la te r  
th3n s o l  4.  

2) High r e s o l u t i o n  stereo 
imaging of t h r e e  s e l e c t e d  nea r - f i e ld  s p o t s  i n  t h e  v i c i n i t y  of t h e  meteorology 
instrument  s h a l l  be obtained no l a t e r  than  s o l  8 .  
repea ted  e i g h t  d i f f e r e n t  t imes during t h e  mission. 

This  sequence s h a l l  be 
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4 . 2  Landed (Continued) 

3) High r e s o l u t i o n  s t e r e o  
iuiagiiig of  the e n t i r e  su r face  capable o f  being viewed s h a l l  be obta ined  
as soon as p r a c t i c a l .  

4.2.5.2 Addit ional  Objec t ives  

a. I t  i s  des i r ed  t o  inc rease  t h e  t o t a l  b i t  
’ a l lo tment  f o r  meteorology as t h e  mission progresses .  

b.  I t  i s  des i r ed  t o  maximize t h e  simultaneous 
ope ra t ion  of t h e  meteorology instruments on both t h e  VL’s. 

c. I t  i s  des i r ed  t o  inc rease  t h e  number o f  
sequences around s u n r i s e  and sunse t  s ince  t h e s e  a r e  t h e  times a t  which 
t h e  g r e a t e s t  atmospheric changes can be expected. 

4.2.6 Seismology 

4.2.6.1 Requirements and Objec t ives  

4.2.6.1.1 General 

a. Op e r a t i o n a l  Cycle 

The seismometer s h a l l  monitor grcund 
motion f o r  an average of  a t  least 20 hours p e r  s o l  throughout t h e  landed mission. 
Threshold,  ga in  and f i l t e r  s e t t i n g s  and t h e  ope ra t iona l  cyc le  s h a l l  be capable  
of being updated by ground command. 

The seismometer s h a l l  ope ra t e  i n  t h e  
Normal Mode (Low Data Rate Mode) with automatic  t r i g g e r i n g  i n t o  and o u t  of  t h e  
Event Mode (Moderate Data Rate Mode) and wi th  preprogramed and commandable 
cyc les  o f  c a l i b r a t i o n ,  High Data Rate and Moderate Data Rate opera t ion .  

when t h e  number of d a t a  b u f f e r s  t r a n s f e r r e d  t o  t h e  DAPU reaches t h e  allowed 
number o f  t r a n s f e r s .  For purposes o f  mission design,  600 d a t a  b u f f e r  t r a n s f e r s  
p e r  s o l  s h a l l  be scheduled when compatible with o t h e r  s c i ence  requirements.  
For a minimum of 45 s o l s  dur ing  hlission A, a t  least 600 d a t a  b u f f e r  dumps 
per s o l  s h a l l  be scheduled for  seismology. I t  i s  d e s i r e d  t h a t  no less than  
158 d a t a  b u f f e r  t r a n s f e r s  p e r  s o l  be scheduled. 

t h e  c a p a b i l i t y  t o  update t h e  opera t iona l  sequence, seismometer s e t t i n g s  and 
number o f  b u f f e r  t r a n s f e r s  by ground command. 

ope ra t e  throughout t h e  normal 90-sol landed mission. 

0 

The seismometer s h a l l  be turned  off 

The mission design s h a l l  p rovide  

The seismology i n v e s t i g a t i o n s  s h a l l  - 
4.2.6.1.2 Detai led Reauirements and m e r a t i o n a l  Modes 

a. I n i t i a t i o n  Sequence 

The following i n i t i a t i o n  sequence i s  f o r  
t h e  purpose of v e r i f y i n g  t h e  opera t ion  and performance o f  t h e  seismometer and 

0 
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f o r  ob ta in ing  information on background n o i s e  which i s  r equ i r ed  for l a te r  
opera t ion .  The i n i t i a t i o n  sequence s h a l l  begin as soon as p o s s i b l e  after 
landing. 

a 
1) Power on 

2) Normal mode, high gain,  t r i g g e r  i n h i b i t  
- 

w i t h  f i l t e r  s tcpping  - dura t ion ,  1 hour  

3) Event Mode - 10 minutes 

4) High Data Rate Mode - 1 minute 

5 )  High Data Rate Mode, Tes t  S igna l  
S t a r t  - 16 seconds 

6 )  High Data Rate Mode, Low Gain 

7) Uncage sequence 

sequence . .  

b. 

8) Command i n t o  day-to-day opera t ing  
. e  

Normal Mode m e r a t i o n  
~~ 

"he seismometer s h a l l  ope ra t e  i n  i t s  nominal 
sequence (Normal Mode p lus  t r i gge red  event mode p l u s  commanded high d a t a  ra te  
and c a l i b r a t i o n  modes) u n t i l  t h e  number o f  d a t a  b u f f e r  s to rage  t r a n s f e r s  
reach t h e  scheduled number. When t h i s  number i s  reached,  t h e  seismometer 
w i l l  be powered o f f .  

c, Event Mode Operation 

The mode i s  a l s o  c a l l e d  t h e  Moderate Data Rate 
Mode or t h e  Triggered Mode. 

The seismometer s h a l l  ope ra t e  i n  t h e  Event Mode 
by automatic t r i g g e r i n g  from t h e  Normal Mode or by command. 
be i n h i b i t e d  by GCSC or ground command. 

This mode can 

It is  d e s i r e d  t o  extend t h e  pe r iod  of Event 
Mode Operation i n  accordance with t h e  fol lowing p r i o r i t y :  

1) I t  i s  d e s i r e d  t o  ope ra t e  t h e  seismometer 
i n  t h e  moderate d a t a  r a t e  mode by automatic  t r i g g e r i n g  for more than 600 d a t a  
b u f f e r  transfers p e r  so l .  

2) During t h e  lifetime of  t h e  i n v e s t i g a t i o n  
and pre fe rab ly  e a r l y  i n  t h e  landed mission,  it i s  d e s i r e d  t h a t  t h e  seismometer 
be operated cont inuously i n  t h e  moderate d a t a  rate mode (command r a t h e r  
than  t r i g g e r  c o n t r o l )  f o r  a 20-hour per iod.  

' I  
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3) I t  i s  d e s i r e d  t o  opera te  t h e  seismometer 
cuntinuous1y i n  t h e  moderate d a t a  r a t e  mode (command r a t h e r  than t r i g g e r  
con t ro l )  for a pe r iod  o f  one hour per s o l .  

4) I t  i s  d e s i r e d  to ded ica t e  t h e  equiva len t  
of two f u l l  s o l s  late i n  t h e  mission t o  p r imar i ly  seismology and meteorology 
d a t a  i n  moderate and high d a t a  modes i n  o r d e r  t o  ob ta in  continuous and - 
unambiguous coverage of  se i smic  and meteorological  events .  This coverage 
will requ i r e  t h e  assignment o f  most of t h e  a v a i l a b l e  VL s to rage  and t ransmiss ion  
c a p a b i l i t y  t o  these  experiments during t h i s  per iod  of  time. 

5 )  It  i s  d e s i r e d  t h a t  as o t h e r  experiments 
complete t h e i r  tasks or go o f f  t h e  a i r  f o r  o t h e r  reasons t h a t  t h e  seismology 
b i t  a l l o c a t i o n  be increased  i n  order  t o  i n c r e a s e  t h e  amount of t ime t h a t  
t h e  seismometer can ope ra t e  i n  t h e  t r i gge red  mode. This  w i l l  i nc rease  t h e  
number of  se i smic  events  t h a t  can be processed and w i l l  permit a decrease  
i n  the  threshold l e v e l  of de t ec t ion ,  thereby  inc reas ing  t h e  s e n s i t i v i t y  o f  
t h e  seismometer. 

d. Hieh Data Rate Mode ODeration 

1) The seismometer s h a l l  opera te  i n  t h e  high 
d a t a  rate mode at least one minute every so l .  

I t  i s  d e s i r e d  t o  opera te  tk.e seismometer 
i n  the  high d a t a  rate mode f o r  as long as poss ib l e  each s o l  cons i s t en t  with 
t h e  minimum average ope ra t ing  t ime of 20 hours p e r  s o l  and d a t a  s t o r a g e  and 
t ransmission c a p a b i l i t i e s .  

2) The high  d a t a  rate mode of  opera t ion  s h a l l  
be scheduled, f o r  seismological  purposes, f o r  per iods  of minimum VL-originated 
d is turbance .  

3) Other experiments may wish t o  monitor 
a c t i v i t i e s  such as sample co l l ec t ion ,  boom movements, vent ing,  sample 
prepara t ion ,  s o i l  p r o p e r t i e s ,  e tc . ,  wi th  t h e  high Data Rate Mode. 
number of b u f f e r  t r a n s f e r s  s h a l l  be increased  f o r  t hese  purposes. 

The 

4) The h igh  d a t a  rate mode of  opera t ion  w i l l  
be scheduled t o  monitor such events as rock dropping and release of  sampler 
p r o t e c t i v e  cover.  

e. Cal ibra t ion  

The seismometer s h a l l  be  c a l i b r a t e d  dur ing  one 
o f  t h e  high d a t a  rate mode operat ions s p e c i f i e d  i n  paragraph 4.2.6.1.2.d. 

f . Simultaneous Operat ions  I 

I 

The seismometers on t h e  two VL's s h a l l  opera te  
s imultaneously as much as poss ib le .  

0 

. 
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I t  i s  d e s i r e d  t o  ope ra t e  t h e  seismometers on 
t h c  two V L ' s  at t h e  same time i n  both t h e  commanded moderate and high d a t a  
rate modes. 

a 
I t  i s  d e s i r e d  t h a t  "noise making" a c t i v i t i e s  

a t  t h e  TWO landers  be planned t o  occur simultaneously.  

2. Surface SamDler and S-Band Antenna ParkinP 

1. The Surface  Sampler parking p o s i t i o n s  s h a l l  
be planned such t h a t  minimum i n t e r f e r e n c e  occurs  with t h e  seismic experiment, 
such as would be caused by wind or se ismic  induced o s c i l l a t i o n s  o f  t h e  
sampler. 
c ross -sec t ion  a r e a  o f  t h e  lander  and t o  damp ou t  induced v ib ra t ions .  
p o s i t i o n s  s h a l l  be c o n s i s t e n t  with Surface Sampler s a f e t y  requirements.  

The Surface Sampler pos i t i on  s h a l l  be optimized t o  minimize t h e  
These 

2. I t  i s  d e s i r e d  t h a t  t h e  S-band antenna be 
parked i n  a p o s i t i o n  t o  minimize wind resistance when no t  engaged i n  d a t a  
t ransmission.  

h. Sequencing 

I t  is  d e s i r e d  t h a t  t h e  i n i t i a t i o n  sequence and 
a t  least two hours of se i smic  da t a  b e  c o l l e c t e d  before  t h e  Surface  Sampler is 
deployed. 
mode for one minute and i n  t h e  moderate d a t a  r a t e  mode for 10 minutes before  
and af ter  deployment o f  t h e  Surface Sampler. 
i n  b u f f e r  transfers fo r  t h i s  per iod o f  time. 

I t  is d e s i r e d  t o  opera te  t h e  seismometer i n  t h e  high d a t a  ra te  

This  w i l l  r e q u i r e  an inc rease  8 
i. Support by Meteorology 

Wind speed d a t a  s h a l l  be acquired immediately 
before  and dur ing  t h e  times t h e  seismometer ope ra t e s  i n  t h z  high d a t a  ra te  
mode. 
sequences as much as poss ib l e .  

The seismometer s h a l l  b e  on during t h e  meteorology measurement 

I t  i s  d e s i r e d  t h a t  meteorology measurements be  
made dur ing  a l l  seismometer opera t ions  i n  t h e  moderate and h igh  d a t a  rate 
modes. 

4.2.7 Magnetic P rope r t i e s  

4.2.7 . 1 Requirements and Ob j ect i v e s  

4 0  a. Magnetic Surface  Sample P rope r t i e s  

1. During t h e  a c q u i s i t i o n  o f  t h e  s u r f a c e  samples 
fo r  Biology, Inorganic ,  and Organic Analysis ,  t h e  c o l l e c t i o n  head backhoe magnet 
a r r a y  w i l l  au tomat ica l ly  acquire  a magnetic p r o p e r t i e s  sample from t h e  su r face .  
The LCS's s h a l l  be used t o  image* t h e  back s u r f a c e  of t h e  backhoe after t h e  

*The use o f  t h e  word image throughout t h e  Magnetic P rope r t i e s  Sec t ion  
means use  o f  a l l  modes, i.e., high r e s o l u t i o n ,  co lo r ,  I R ,  and s t e r e o  if feas ib l e .  
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scueplcs havc bcen dc l ivc red ,  except  f o r  t h e  f i r s t  sample. 
iinagc t h c  back su r face  of  t h e  backhoe f o r  t h i s  first sample. 

I t  i s  d e s i r e d  t o  

2. For t h r e e  o t h e r  s u r f a c e  samples, one of which 
i s  acquired by digging a t rench ,  t h e  fol lowing sequence s h a l l  be followed: 

a) P r i o r  t o  t h e  sample a c q u i s i t i o n ,  t h e  
f r o n t  s u r f a c e  of  t h e  Co l l ec to r  Head backhoe s h a l l  be cleaned us ing  t h e  
magnet c leaning  brush assembly and then imaged t o  determine t h e  degree 
o f  c 1 e an 1 i nes s . 

b) C o l l e c t o r  Head temperature measurement 
s h a l l  be made dur ing  t h e  sample a c q u i s i t i o n  and immediately p r i o r  t o  t h e  
imaging. 

c) The LCS s h a l l  be  used t o  image d i r e c t l y  
t h e  backside of  t h e  backhoe. 

d) The LCS s h a l l  be  used t o  image t h e  
front s i d e  of  t h e  backhoe v i a  t h e  magnif icat ion mirror .  

3.  Twice du r ing  t h e  mission per iod ,  when con- 
venien t  and as e a r l y  as poss ib l e ,  t h e  SSCA s h a l l  be commanded t o  acqui re  a 
magnetic p e c u l i a r  sample. The procedure s h a l l  be  t h a t  s p e c i f i e d  i n  2 .  above 
except  t h a t  imaging o f  t h e  f r o n t  s i d e  o f  t h e  backhoe v i a  t h e  magnif icat ion 
mir ror  s h a l l  occur  before  and a f t e r  v i b r a t i o n  of  t h e  Co l l ec to r  Head. 

4. I t  is d e s i r e d  t o  i n f e r  t h e  low temperature  
dependence of  t h e  magnetic p rope r t i e s  of t h e  sample by a c r y i s i t i o n  of 
a d d i t i o n a l  samples i n  t h e  fol lowing sequence: 

a) From a des igna ted  loca t ion  on t h e  
s u r f a c e  dur ing  t h e  h o t t e s t  p a r t  of t h e  s o l .  

b) From t h e  same l o c a t i o n  as llall dur ing  t h e  
c o l d e s t  p a r t  of t h e  s o l .  

c) If more material is  seen  t o  have 
accumulated i n  "b" than  i n  
should be allowed t o  hea t  slowly from s o l a r  r a d i a t i o n .  
cyc le  t h e  SSAU should be p e r i o d i c a l l y  v i b r a t e d ,  i t s  temperature  measured, 
and t h e  backhoe imaged a f t e r  each v i b r a t i o n  cycle .  

then "b" should b e  repea ted  and t h e  backhoe 
During t h e  hea t ing  

For p r e f l i g h t  mission des ign ,  assume 
six suucli vibration/imaging/temperature measuring cyc le s  a t  ha l f -hour  
i n t e r v a l s .  

It  is  d e s i r e d  for a l l  samples a, b,  
and c ,  t h a t  t h e  Co l l ec to r  Head should rest  on t h e  s u r f a c e  f o r  30 minutes, 
du r ing  which t h r e e  Co l l ec to r  Head temperature measurements are made at 
10-minute i n t e r v a l s ;  t h a t  imaging should commence wi th in  10 minutes of 
removing the  Co l l ec to r  Head from the  s u r f a c e ,  t h a t  imaging be performed 
v i a  t h e  magnifying mirror.  

. 

. 
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5 .  I t  i s  d e s i r e d  t o  i n f e r  t h e  high temperature 
dcj)cndencc of t h e  magnetic p rope r t i e s  of a sample by t h e  following sequence: 

a)  Acquire a magnetic sample at a time - and a loca t ion  determined from previous da t a .  
t h e  s u r f a c e  f o r  30 minutes while  acqui r ing  t h e  magnetic sample. 

sample, t h e  SSCA should be  commanded t o  make t h r e e  Co l l ec to r  Head temperature  

The backhoe should remain on 

- - 
b) During t h e  30 minutes of acqui r ing  a 

W measurements approximately 10 minutes apa r t .  

c )  The backhoe should be  imaged d i r e c t l y  
by t h e  LCS and i n d i r e c t l y  v i a  the  magnif icat ion mirror .  

d) C o l l e c t o r  Head temperature  measurement 
should be made immediately p r i o r  t o  and immediately a f t e r  viewing. 

e )  The s u r f a c e  sampler boom should be 
commanded t o  loca t e  t h e  Col lec tor  Head i n  a p o s i t i o n  c l o s e  t o  t h e  RTG so 
t h a t  t h e  Co l l ec to r  Head backhoe w i l l  b e  heated.  The l o c a t i o n  is t o  be  
determined from a n a l y s i s  and s u r f a c e  sampler subsystem t e s t i n g .  

f) The LCS should image t h e  backhoe while  
i n  p o s i t i o n  (e) above every 5 minutes. 

g) C o l l e c t o r  Head temperature  measurement 
should be  made immediately p r i o r  t o  and immediately a f te r  imaging. 

h)  After 30 minutes,  t h e  backhoe should 
be commanded t o  a p o s i t i o n  t o  allow t h e  LCS t o  image t h e  backhoe v i a  t h e  
magnif icat ion mirror .  

i )  The LCS should image t h e  backhoe v i a  
t h e  magnif icat ion mirror .  
be made p r i o r  t o  and af ter  viewing imaging. 

Co l l ec to r  Head temperature  measurements should 

I t  is  d e s i r e d  t o  perform t h e  sequence 
o f  4.2.7.1.a.2 whenever t h e  SSAU i s  used t o  acqu i re  a sample, d i g  and t rench ,  
o r  i n  any o t h e r  way come i n  contac t  wi th  t h e  su r face .  

b. Magnetic Wind Blown Sample P rope r t i e s  

1. The magnet on t h e  photometr ic  t a r g e t  s h a l l  be  
imaged each time t h e  photometric t a r g e t  i s  imaged for  LCS c a l i b r a t i o n .  

2. During t h e  pe r iod  between so l  20 and so l  30, 
t h e  LCS s h a l l  image t h e  magnet on t h e  photometric t a r g e t  once dur ing  both 
t h e  co ldes t  and h o t t e s t  p a r t s  of t h e  so l  when i l lumination is  s u i t a b l e .  

I f ?  
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4.2.8 

are der ived from 

(Continued) 

Physical  P rope r t i e s  

4.2.8.1 Requirements and Object ives  

a. General 

~~ 

4-18 

The d e t a i l e d  requirements l i s t e d  below 
t h e  general  requirements as s t a t e d  i n  t h e  Physical  P rope r t i e s  

Inves t iga t ion  Requirements Document M75-139-0, Appendix A t o  SS 3703004. 
. 

Whenever poss ib l e ,  Physical  P rope r t i e s  
experiments s h a l l  be obtained as a r e s u l t  of t h e  i n t i a l  preprogramed 
sequence o f  events  of t h e  VL. Subsequent Physical  Proper t ies  experiments 
s h a l l  be accomplished by e i t h e r  t h e  preprogramed sequence of events  o r  as 
a d i r e c t  r e s u l t  of E a r t h  update o f t h e  Mission Sequence of Events. Earth 
update of  t h e  sequence of  events  s h a l l  be  used t o  accomplish t h e  Physical  
P rope r t i e s  experiments t h a t  cannot,  o r  were not  obtained by means o f  t h e  
preprogramed sequence of events .  

The following experiments have been i d e n t i f i e d  t o  
be accomplished during Missions A and B. 
i d e n t i f i e d  dur ing  mission opera t ions  w i t h i n  t h e  c o n s t r a i n t s  t h a t  e x i s t  at 
t h a t  time. 

Addit ional  experiments w i l l  be 

During a l l  LCS imaging sequences i n  support  

The imaging requirements and ob j e c t  i v e s  
o f  t h e  Physical P rope r t i e s  Inves t iga t ion ,  it is  des i r ed  t h a t  as many of  t h e  
i mag i iig rrrodcs as p a c t  icab l e  be used. 
f o r  the I'hysical Prope r t i e s  Inves t iga t ion  s h a l l  be in t eg ra t ed  with o t h e r  
imaging requirements t o  t h e  maximum ex ten t  p o s s i b l e  t o  min imize  t h e  number 
of images. Images of t h e  su r face  sampler a c q u i s i t i o n  a rea  and n a t u r a l  and 
lander-made f ea tu res  s h a l l  be  acquired whenever poss ib l e  v i a  t h e  boom-mounted 
mir rors  t o  provide add i t iona l  (and otherwise unobtainable) views of these  
t a r g e t s .  

b. Surface Material Bulk Density 

1. During t h e  a c q u i s i t i o n  o f  su r face  samples, 
as descr ibed  i n  "a" or I1b1' below, t h e  Sur face  Sampler Boom e leva t ion /  
depress ion  motor c u r r e n t  w i l l  be  obtained when t h e  SSAA i s  empty and a f te r  
it i s  loaded with su r face  mater ia l .  The opera t ion  of t h e  Boom s h a l l  be 
planned such t h a t  motor cu r ren t  readings when t h e  SSAA i s  loaded are obtained 
when t h e  Boom i s  wi th in  l o o  of t h e  azimuth and e l eva t ion  angle  p o s i t i o n  
t h a t  e x i s t e d  when t h e  motor cu r ren t  readings  were obtained with t h e  
SSAA empty. The motor cu r ren t s  s h a l l  be measured f o r  t h e  loaded and 
empty condi t ions ,  f o r  both e leva t ion  and depress ion  motions of t h e  Boom. 
The empty and loaded motor measurements s h a l l  be taken wi th in  one hour 
of each o ther .  

- -  

e 

The measurements s h a l l  be obtained at 
least four  times as follows: 
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. 

3) The t h i r d  time P s u r f a c e  sample is 
acquired f u r  l l j  ologj.  a id  f o r  G81S. 

b) Two t imes,  du r ing  t h e  mission pe r iod  
following a c q u i s i t i o n  of  t h e  second sample and p r i o r  t o  sol  6 0 ,  by acqui r ing  
sunlplcs at t h e  maximum Boom extension a t  azimuth l o c a t i o n s  100' 5 20' apar t .  

I .  

2. The LCS's, a ided  by pos i t i on ing  t h e  
S I I I . ~ ' L L C C '  S m p l c r  Uourii-r:lountcd mir rors ,  s h a l l  be used t o  view t h e  s u r f a c e  
bclow engine H2. Thc viewing required s h a l l  be  as fol lows:  

a) The r e t r a c t e d  Surface  Sampler Boom 
s h a l l  be pos i t ioned  such t h a t  LCS #2 can view, through t h e  Boom-mounted 
mir rors ,  t h e  su r face  below engine #2. Five p i c t u r e s  are r equ i r ed  
a t  d i f f e r e n t  boom azimuths bracke t ing  t h i s  p o s i t i o n ,  

b )  I t  i s  d e s i r e d  t h a t  t h e s e  ope ra t ions  be 
performed a t  a time of s o l  t h a t  the  Lander does not  shadow t h e  area being 
viewed, 
f i v e  p o s i t i o n s  with widely separa ted  sun inc idence  angles .  

Fur ther ,  it i s  d e s i r e d  t h a t  t h r e e  sequences be taken f o r  each of  t h e  

c. Surface Mater ia l  Bearing S t rength  

1. The SSAU s h a l l  apply loads  to t h e  s u r f a c e  
while t he  motor cu r ren t  o f  t h e  motor providing t h e  load power i s  measured. 
The loads s h a l l  be appl ied  us ing  t h e  extend and t h e  depress ion  motor o f  
t h e  boom. 
of a l l  s u r f a c e  samples. 

The fol lowing sequence s h a l l  be  performed fol lowing t h e  a c q u i s i t i o n  

a) 
t h e  s u r f a c e  by t h e  ex tens ion  motion o f  t h e  boom a t  a s u r f a c e  l o c a t i o n  as 
c l o s e  t o  t h e  lander  as poss ib le .  After s topping at t h e  su r face ,  t h e  SSAU 
s h a l l  be extended i n t o  t h e  sur face  f o r  at least  8 seconds,  while  p re s s ing  
i n t o  t h e  sur face .  

The SSAU s h a l l  be pressed  i n t o  

b) For p o s i t i o n s  d i f f e r e n t  from "a" above, 
after s topping  at t h e  su r face ,  t h e  SSAU s h a l l  be pressed  i n t o  t h e  s u r f a c e  
using t h e  depress  motion of t h e  boom f o r  a t  least 8 seconds. 

c) Itatt and tlb" s h a l l  be  performed 
twice dur ing  t h e  l a s t  30 s o l s  o f t h e  mission, 

d) 
A n  a d d i t i o n a l  s t e r e o  image a t  a d i f f e r e n t  

S t e r e o  LCS images s h a l l  be acquired 
af ter  "a" and "b" a r e  performed. 
SEA i s  des i r ed .  A s t e r e o  image j u s t  p r i o r  t o  "a" and "b" is a l s o  des i red .  

2. The LCS's s h a l l  be  used t o  view t h e  
The gauge on each of t h e  t h r e e  lander  l e g s  landing  l e g  s t r o k e  gauges. 

s h a l l  be viewed a t  appropr i a t e  times dur ing  t h e  Martian s o l  such t h a t  t h e r e  
i s  optimum i l l umina t ion  on t h e  gauge be ing  viewed. 
for  viewing sequence s h a l l  be met: 

The fol lowing cr i ter ia  

SQ j 
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a) Viewing o f  each of  t h e  gauges 
(;I s;ct J s h a l l  bc accomplished as soon as p o s s i b l e  dur ing  t h e  f i r s t  20 s o l s  
of t he  mission. 

b)  Addit ional  sets of viewing are 
des i r ed  during mission s o l s  25-40 and 40-80 as determined by ana lys i s  
of da ta .  

c )  I t  i s  d e s i r e d  t o  view t h e  landing l e g  
s t r o k e  gauges immediately af ter  landing. 

3. The LCS's s h a l l  be used t o  view 
t h e  impressions made on t h e  su r face  by footpads #2 and #3. 

a) The cameras s h a l l  be used t o  determine t h e  
pos i t i ons  of t h e  footpads as e a r l y  i n  t h e  mission as f e a s i b l e .  
t o  accomplish t h i s  i n  t h e  f i r s t  th ree  s o l s .  
and camera # 2  s h a l l  view footpad #3.  

I t  i s  d e s i r e d  
Camera #1 s h a l l  view footpad # 2  

b) Following a c q u i s i t i o n  of t h e  first two 
samples f o r  Biology, CCMS, and Inorganic Chemical, and using t h e  d a t a  obtained 
from "a" above, a more d e t a i l e d  view sequence s h a l l  be  performed, 
d e s i r e d  t h a t  two p i c t u r e s  o f  each footpad b e  taken a t  d i f f e r e n t  times during 
t h e  Martian s o l .  

I t  i s  

I t  is  a l s o  des i r ed  t h a t  some of  t h e  imaging be  i n  co lor .  

c) I t  i s  requ i r ed  t h a t  sequence llbll above 
be repeated during t h e  mission period of  s o l  30 t o  60, and again from s o l  60 
through 90. 

4. The LCS's s h a l l  be  used t o  view t h e  
impressions of a rock dropped from t h e  SSAU. 
performed a f t e r  a l l  samples have been acquired. 

This  experiment s h a l l  be  

a) The Surface Mater ia l  Bulk Densi ty  
Sequence 4.2.8.1.b.1 s h a l l  be performed. 

b) The LCS's s h a l l  t ake  post-drop high 
r e so lu t ion  s t e r e o  sequences o f  t h e  rock on t h e  surface.  

c) In  add i t ion  t o  e) ,  it is  d e s i r e d  t h a t  
two sere0 sequences be conducted during t h e  following s o l  with two widely 
separa ted  sun incidence angles .  

d) I t  i s  d e s i r e d  t h a t  t h e  seismometer 
opera te  cont inuously dur ing  t h e  rock drop sequence. 

e )  I t  i s  d e s i r e d  t o  r epea t  experiment 
sequences qlall through l l d l l  of paragraph 4.2.8.1.c.4 dur ing  t h e  last 45 sols  
of t h e  mission. 
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d. Surface Mater ia l  P a r t i c l e  C h a r a c t e r i s t i c s  

The LCS's and t h e  Surface  Sampler Subsystem 
s h a l l  be used t o  eva lua te  t h e  p a r t i c l e  c h a r a c t e r i s t i c s  such as s i z e  
d i s t r i b u t i o n ,  s t r e n g t h ,  f r i c t i o n  angle ,  and e o l i a n  t r a n s p o r t a b i l i t y .  
l'he sequences s h a l l  be as follows: 

I -  

1. After d e l i v e r y  o f  t h e  s u r f a c e  sample 
t o  Biology, GCMS, and Inorganic  Chemical, t h e  ma te r i a l  remaining i n  t h e  SSAU 
which is emptied onto  t h e  Mars su r face  s h a l l  be s t e r e o s c o p i c a l l y  viewed by 
t h e  camera. This  a c t i v i t y  s h a l l  be  imaged as follows: 

a) After t h e  SSAU i s  moved away from t h e  
p i l e ,  t h e  LCS's s h a l l  then s t e reoscop ica l ly  view t h e  p i l e  formed dur ing  t h e  
emptying process .  
mounted mir rors .  

I t  is d e s i r e d  t o  image t h e  p i l e  i n  c o l o r  and v i a  t h e  boom- 

b) In a d d i t i o n  t o  a ) ,  it i s  d e s i r e d  t h a t  
t h e  LCS's view t h e  p i l e  dur ing  the  morning and af ternoon o f  t h e  following 
s o l  at SEA'S of approximately 30' and 45O. 

2. 
t h e  sampling s i t e  s h a l l  be  s t e reoscop ica l ly  viewed as soon 2s p o s s i b l e  and 
a t  a second time wi th in  10 s o l s .  
I t  i s  d e s i r e d  t h a t  some o f  t h e  images b e  i n  co lor .  

After t h e  a c q u i s i t i o n  of t h e  s u r f a c e  sample, 

I t  i s  d e s i r e d  t o  image each 10 s o l s  afterward. 

3. During t h e  mission pe r iod  between 
s o l  20 and s o l  40, t h e  SSAU s h a l l  acqui re  a sample from a loca t ion  d e t e r -  
mined from t h e  a n a l y s i s  o f  previous da t a .  
as l a r g e  a volume as it i s  poss ib l e  t o  obta in .  
s h a l l  be  performed as follows: 

The sample acquired s h a l l  be 
The experiment sequence 

a)  During t h e  a c q u i s i t i o n  o f  t h e  above 
sample t h e  Bulk Density sequence of 4.2.8.1.b.l s h a l l  be performed. 

b) The SSCA (Surface Sampler Control  
Assembly) s h a l l  p o s i t i o n  t h e  SSAU such t h a t  LCS #2 can view t h e  s u r f a c e  
material v i a  t h e  magnif icat ion mirror.  The i l l umina t ion  o f  t h e  sample 
s h a l l  be  t h e  optimum a t t a i n a b l e .  

c) A t  a l o c a t i o n  wi th in  stereo view 
o f  t h e  LCS's (TBD), and as c lose  t o  t h e  Mars s u r f a c e  as i s  p r a c t i c a l ,  
t h e  SSAU s h a l l :  Dump material through t h e  SSAU sc reen  i n t o  a p i l e  on t h e  
blars su r face ,  and empty t h e  remaining material i n  t h e  SSAiJ, through i t s  jaw, 
i n t o  another  p i l e  s epa ra t e  from t h e  previous p i l e  o f  s i eved  material. 

d) The Camera System s h a l l  t a k e  a 
s t e reoscop ic  view of t h e  a r e a  of depos i t i on  no la ter  than  15 minutes 
a f t e r  t h e  opera t ion  i n  t fc , l t  a t  a second time wi th in  4 hours, and at a 
t h i r d  time wi th in  19 sols. 
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e )  Sequences Iracr through "d" s h a l l  be 
repeated during the  mission sols 45 through 90. 
and t h e  viewing condi t ions  s h a l l  be  s p e c i f i e d  based on t h e  a n a l y s i s  of t h e  
d a t a  from t h e  previous experiment sequence. 

The loca t ion  of t h e  sample 

f )  Between mission s o l s  30 and 40, it i s  
des i r ed  t h a t  t h e  sequences of 4.2.8.l.d.3.a through d b e  performed, wi th  
t h e  except ion t h a t  t h e  sample be made i n t o  two p i l e s  on a Lander s u r f a c e ,  
i n  foca l  view through t h e  magnif icat ion mi r ro r ,  r a t h e r  than on t h e  Mars 
sur face  as r equ i r ed  i n  4.2.8.l.d.3.c. 

c 

4. During t h e  comminution of  t h e  GOlS 
samples two and t h r e e  t h e  seismometer s h a l l  be  operated f o r  a per iod  
beginning no l a t e r  than S minutes before  and ending no e a r l i e r  than  
5 minutes a f t e r  t h e  per iod  of  comminutor motor opera t ion .  

5. During t h e  mission per iod  of s o l  45 through 
s o l  60 t h e  Surface  Sampler Subsystem s h a l l  be used t o  backhoe two t renches  
t h a t  have an included angle ,  between t h e i r  longes t  axes,  of 90' k 10'. 
t renches  s h a l l  be a t  l eas t  TBD cm long. 
s t e r eoscop ic  view of  t h e  LCS's and t h e  second t rench  s h a l l  be dug on t h e  same 
s o l  as t h e  first t rench.  
o f  a subsurface sample f o r  t h e  GCMS o r  inorganic  ana lys i s .  
be s t e r e o s c o p i c a l l y  imaged repea ted ly ,  t h e  first time as soon as poss ib l e  
a f t e r  genera t ion ,  and a t  l e a s t  t h r e e  a d d i t i o n a l  t imes separa ted  bv a t  least 
10 s o l s  each. 

be i n  c o l o r  and v i a  t h e  boom-mounted mir rors  i f  p rac t i cab le .  

The 
The two t renches  s h a l l  be dug i n  

One t rench  may b e  that dug f o r  t h e  acqu i s i r ion  
The t r enches  s h a l l  

The imaging s h a l l  b e  taken dur ing  t h e  morning and af te rnoon 
a t  SEA'S of  approximately 30" t o  4S0. I t  i s  d e s i r e d  t h a t  some o f  t h e  images . .  

a) Within 4 s o l s  a f t e r  t h e  d a t a  from 
4.2.8.1.d.5 are rece ived ,  it i s  des i r ed  t h a t  t h e  sequence be  repea ted  wi th  
t h e  time o f  s o l  and t h e  camera s e t t i n g s  determined from t h a t  d a t a  ana lys i s .  

b) I t  i s  d e s i r e d  t h a t  t h e  experiment of 
paragraph 4.2.8.1.d.S be  repea ted  i n  t h e  mission pe r iod  o f  s o l  60 through 
s o l  90 with t h e  parameters o f  t h e  t renching  and viewing s p e c i f i e d  from t h e  
analysis  o f  t h e  d a t a  obtained from the  i n i t i a l  sequence. 

6 .  During t h e  mission pe r iod  between s o l  1 
and s o l  10 and every 30 s o l s  t h e r e a f t e r ,  t h e  g r i d  p a t t e r n  on t o p  of t h e  
Lander s h a l l  be viewed with LCS #2. 

7. During a pe r iod  o f  p red ic t ed  moderate wind 
v e l o c i t y ,  t h e  SSAU s h a l l  s i e v e  mater ia l  through t h e  SSAU screen  i n t o  one p i l e  

These ope ra t ions  s h a l l  be accomplished whi le  t h e  SSAU i s  pos i t ioned  approxi- 
rllately 0.1 m above t h e  sur face .  

and empty t h e  remaining material i n t o  a second p i l e  on t h e  Maztian sur face .  . -  

Within f ive  minutes a f te r  completion of t h e  
above sequence, t h e  r e s u l t i n g  p i l e s  s h a l l  be  s t e r e o s c o p i c a l l y  imaged and 
viewed v i a  t h e  boom-mounted mirrors i f  p r a c t i c a b l e .  
images be i n  co lo r .  
and t h e r e a f t e r  at 10-sol i n t e r v a l s  throughout t h e  mission. 

I t  i s  d e s i r e d  t h a t  t h e  e This viewing sequence s h a l l  be repea ted  wi th in  f ive  So l s  
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e. Solar  Flux Levels 

The LCS s h a l l  be used t o  eva lua te  t h e  
condi t ion  of t h e  u l t r a v i o l e t  degradable materials on t h e  Photometric 
Targets .  
during each of  t h e  LCS c a l i b r a t i o n  viewing sequences of t h e  photometric 
t a r g e t s  and a t  least  every t h r e e  s o l s  dur ing  t h e  first 20 s o l s  o f  t h e  
mission and once every f i v e  s o l s  t h e r e a f t e r  through s o l  60. 

The UV degradable mater ia l s  s h a l l  be viewed through each f i l t e r  

f. Diurnal Temperature 

1. Lander Temperature and Parachute 
Phase Temperature Transducer 

a) The engineer ing d a t a  format (Format 4) 
s h a l l  be sampled once i n  conjunction with each meteorology module. 

b) The engineer ing d a t a  format (Format 4) 
s h a l l  be sampled a t  l e a s t  1 2  t imes i n  t h e  hour before  s u n r i s e  and sunse t  
and 1 2  times i n  t h e  hour a f t e r  s u n r i s e  and sunse t ,  s i x  times during t h e  
miss ion . 

c )  "btt s h a l l  be performed on two sols 
i n  t h e  per iod  between s o l  20 and s o l  30; on t h r e e  s o l s  i n  t h e  per iod  
between sol  31 and s o l  60; and on fou r  s o l s  i n  t h e  pe r iod  between s o l  61 
and s o l  90. 

2. The SSAU temperature sensor  s h a l l  be used 
The sequences s h a l l  be as t o  i n fe r  t h e  d i u r n a l  temperature of  t h e  sur face .  

follows : 

a) The SSAU s h a l l  be commanded t o  a 
p o s i t i o n  such t h a t  t h e  bottom of t h e  SSAU jaw i s  r e s t i n g  on t h e  sur face .  

b) The SSAU s h a l l  remain on t h e  s u r f a c e  
for at  least (TBD) minutes and then t h e  SSCA s h a l l  be commanded t o  take 
two temperature measurements. 

c) Sequences gta9f and "btt s h a l l  be 
performed a f t e r  a l l  samples have been acquired and repea ted  approximately 
every 10 s o l s  t o  t h e  end o f  t h e  mission. 

I t  is d e s i r e d  t h a t  sequence tt211 
above be performed by allowing t h e  SSAU t o  remain on t h e  su r face  f o r  
24 hours and making temperature measurement every hour dur ing  t h a t  per iod  
except  as s p e c i f i e d  i n  paragraph 1 .b above. 
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4.2.8.2 Additional Object ives  

a. Imaging Support 

1. I t  i s  d e s i r e d  t h a t  h igh  r e s o l u t i o n  s t e r e o  c 

images be obtained f o r  a l l  sample t renches at least  f o u r  times dur ing  t h e  
mission, and once more f o r  a l l  o the r  s u r f a c e  sample acqu i s i t i ons .  

8 -  

2.  High r e s o l u t i o n  imaging i s  d e s i r e d  on t h e  
VL body following t h e  depos i t i on  o f  s u r f a c e  material on t h e  VL by t h e  s u r -  
f ace  sampler. 
fou r  add i t iona l  t imes a t  equal ly  spaced i n t e r v a l s .  

This  imaging i s  des i r ed  immediately a f te r  depos i t i on  and 

b . Topographic Mapping 

The Surface Sampler Subsystem and t h e  LCS's 
niay be used t o  map t h e  Mars s u r f a c e  i n  t h e  v i c i n i t y  of t h e  VL. The 
mapping should be  determined from the  a n a l y s i s  of t h e  i n i t i a l  p i c t u r e s  of  
t h e  sample a r e a  and should be  performed a f t e r  a l l  samples have been 
acquired. The topographic sequence should be as fol lows:  

1. During s e l e c t e d  Surface  Sampler 
Subsystem ope ra t ions ,  t h e  SSAU a r e a  o f  con tac t  wi th  t h e  Mars su r face  
should be s t e r e o s c o p i c a l l y  viewed by t h e  LCS's i n  stereo. 
area should be determined from d a t a  and t h e  f i e l d  o f  view l a r g e  enough 
t o  make a unique de termina t ion  o f  t h e  s u r f a c e  l o c a t i o n  seen i n  prev ious  
photographs. 

The viewed 

2. From ear l ier  d a t a ,  s i x  loca t ions  w i l l  
be s p e c i f i e d  which a r e  i n  s te reoscopic  view o f  t h e  LCS's and d iv ided  
equa l ly  between t h e  r i g h t  and l e f t  po r t ions  o f  t h e  sample a c q u i s i t i o n  f i e l d .  
The SSAU should make contac t  with t h e  s u r f a c e  using t h e  depress ion  motion 
o f  t h e  boom. 

3. I t  i s  d e s i r e d  t o  s t e r e o s c o p i c a l l y  image 

The imaged a r e a  should be l a r g e  enough so  t h a t  unique landmarks 
t h e  area of contac t  a t  t h e  loca t ion  from "2" above, immediately af ter  
contac t .  
can be  i d e n t i f i e d  from e a r l i e r  photographs. 
t h i s  experiment should be  such as t o  provide optimum i l luminat ion .  

dur ing  t h e  l as t  10 s o l s  o f  t h e  mission, based on t h e  a n a l y s i s  o f  t h e  first 
sequence. 

The time o f  s o l  t o  conduct 

4. I t  i s  d e s i r e d  t o  r e p e a t  the experiment 

c. Wind Environment 

I t  i s  d e s i r e d  t h a t  t h e  seismometer be opera ted  
con t inua l ly  i n  o rde r  t o  i n f e r  wind turbulence  induced motions of t h e  lander .  

I 

c) 
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4.2 Landed (Continued) 

4.2.9 Radio Science 

4.2.9.1 Requirements and Object ives  

a. Early Post-Landed VL Tracking 

Unt i l  t h e  VL landed p o s i t i o n  i s  known t o  
w i t h i n  30 km ( t h r e e  sigma) or u n t i l  s o l  10, whichever is  sooner ,  Doppler 
d a t a  from each VL s h a l l  be  obtained f o r  one continuous 30-minute t r ack ing  
per iod each s o l .  
least every 5 s o l s .  One f u l l  o r b i t  o f  continuous S- and X-band Doppler and 
range d a t a  from t h e  o r b i t i n g  VO i s  r equ i r ed ,  cen tered  around each VL range 
point .  

One good range poin t  s h a l l  be obtained f o r  each VL a t  

b. Landed VL Tracking 

Af ter  t h e  VL landed p o s i t i o n  i s  known t o  
w i t h i n  30 km ( t h r e e  sigma) o r  a f t e r  s o l  10, whichever i s  sooner,  Doppler 
d a t a  from each VL s h a l l  be obtained f o r  at l e a s t  one continuous 30-minute 
t racking  per iod  every 5 s o l s .  
5 s o l s  f o r  each lander  i s  required.  One f u l l  o r b i t  of continuous S- and 
X-band Doppler and range d a t a  from an o r b i t i n g  VO i s  requ i r ed ,  cen tered  around 
each VL range point .  

One good range po in t  approximately every 

I t  is  d e s i r e d  t h a t  Doppler d a t a  from each 
VL be obtained on a r e g u l a r  b a s i s  f o r  one hour or more p e r  s o l  over t h e  m a x i m u m  
range of e a r t h  e l eva t ion  angles t h a t  are ope ra t iona l ly  poss ib le .  
range po in t  a t  least every 3 s o l s  f o r  each lander  i s  d e s i r e d  i n  t h e  pos t -  
landed phase. 

One good 

c. Near Limb VL Tracking 

Doppler t r ack ing  of  t h e  ind iv idua l  landers  
no f a r t h e r  than 45" from t h e  p l ane t  limb i s  r equ i r ed  a t  l e a s t  f i v e  times 
uniformly d i s t r i o u t e d  during landed operat ion.  

d.  Vem Lonn Basel ine In te r fe rometry  

1. Doppler t r a c k i n g  o f  a VO and a VL simul- 
taneously,  at two ground s t a t i o n s  i s  requi red  f o r  30 minutes a t  least  f o u r  
times throughout t h e  mission. 

2. Doppler t r ack ing  of  two V L ' s  s imultan- 
eously a t  two ground s t a t i o n s  is requi red  when lander  loca t ions  permit.  This  
measurement w i l l  be requi red  f o r  approximately s i x  per iods  of 5 minutes each, 
spread  over one common lander  view period.  
f i v e  times uniformly d i s t r i b u t e d  throughout t h e  landed operat ion.  
ope ra t iona l  c o n s t r a i n t s  do n o t  permit t h e  s i x  5-minute per iods ,  one 30-minute 
p e r i o d  may be subs t i t u t ed .  

These d a t a  are requi red  a t  least  
I f  
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4.2 Landed (Cont i nued) 

3. Alterna te  V L B I  t r ack ing  o f  a quasar  and 
m Orb i t e r  i s  requi red  f o r  one f u l l  pass  o f  t h e  common v i s i b i l i t y  of t h e  
p a r t i c i p a t i n g  t racking  s t a t i o n s ,  several times dur ing  t h e  mission. 

4. Al te rna te  VLBI  t r ack ing  of  a quasar  
and a lander  is  requi red  f o r  one f u l l  pass  o f  t h e  common v i s i b i l i t y  o f  t h e  
p a r t i c i p a t i n g  t r ack ing  s t a t i o n s  a t  l e a s t  once during t h e  mission. 

5. For J o d r e l l  Bank, Haystack, or Arecibo 
V L B I  p a r t i c i p a t i o n  with a DSN s t a t i o n ,  mutual view t i m e  i s  requi red  f o r  
t h e  above fou r  experiments t o  be as l a rge  as p o s s i b l e  compatible with 
geometric and ope ra t iona l  cons idera t ions .  

e. UHF VL-VO Relay S ignal  Amplitude and 
S/N Measurements 

I 

0 .  

See s e c t i o n  3.7.4.3.1.e. 

4.2.9.2 Additional Object ives  

a. So lo r  Corona and Relativity 

When t h e  Sun-Earth-Mars angle  i s  less than 
1S0 and s i g n a l s  are de tec t ab le ,  Doppler and ranging a r e  d e s i r e d  from a t  least  
one VL each s o l .  
corresponding VO observat ions (3.7.4.2.1). 

These observat ions should be  made s imultaneously with t h e  

b. Meteorology Measurement Support 

See s e c t i o n  3.7.4.3.2.c. 

4.2.10 Inorganic  Analysis 

4.2.10.1 Requirements and Object ives  

a. Sample Acquis i t ion  

1. A minimum of s i x  d i f f e r e n t  su r f ace /  
subsurface samples s h a l l  be  acquired f o r  ana lys i s .  
sample s h a l l  be obtained from t h e  same loca t ion  and at  t h e  same time as 
t h e  GOlS sample. 
subsur face  sample. 
s h a l l  be determined from a n a l y s i s  of t h e  d a t a  obtained from t h e  o t h e r  
Lander experiments. 

The f i r s t  and second 

For planning purposes, t h e  t h i r d  sample s h a l l  be  a 
Subsequent sur face  and subsur face  sample loca t ions  

I t  i s  d e s i r e d  t h a t  t h e  following a d d i t i o n a l  
ca t egor i e s  of sur face  material be  de l ive red  f o r  ana lys i s :  

4 

a) Material remaining i n  the SSAU 
t h a t  does not  pass  through t h e  2000-micron s i eve .  
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4.2 Landed (Continued) 

b) Material t h a t  i s  wind blown, e.g., 
ma te r i a l  t h a t  i s  blown i n t o  a previously made t rench.  

c)  Magnetic and/or nonmagnetic frac- 
t i o n s  of  s u r f a c e  ma te r i a l  r e s u l t i n g  from opera t ion  o f  t h e  magnetic p r o p e r t i e s  
experiment. 

I t  i s  d e s i r e d  t o  attempt t o  c o l l e c t  
This  could be wind blown p a r t i c l e s  d i r e c t l y  i n t o  t h e  X-ray instrument .  

accomplished very l a t e  i n  t h e  mission by us ing  previous  d a t a  on wind 
d i r e c t i o n  and p l ac ing  t h e  SSAU i n  a p o s i t i o n  t o  act as a p a r t i a l  fence 
t o  d e f l e c t  ma te r i a l  i n t o  t h e  funnel. 

I t  i s  d e s i r e d  t h a t  samples be  acquired 
f o r  ana lys i s  from depths  g r e a t e r  than  10 cm. 

2. The LCS s h a l l  view t h e  sample area 
wi th in  a 3-hour i n t e r v a l  both p r i o r  t o  and a f te r  acqui r ing  a sample. 
i s  d e s i r e d  t h a t  t he  sample imaging b e  obtained i n  t h e  high r e s o l u t i o n ,  
t he  mul t i - spec t r a l  ( inc luding  color) and t h e  s t e reoscop ic  (when sample i s  
i n  view o f  both cameras) modes. 

I t  

3. The Meteorology I n v e s t i g a t i o n  s h a l l  
ob ta in  wind speed and d i r e c t i o n  measurements during t h e  time t h e  s u r f a c e  
sampler is d e l i v e r i n g  a sample t o  t h e  X-ray f luorescence  instrument  
funnel.  

4. No sample analyzed s h a l l  be commanded 
t o  be  dumped from t h e  sample ana lys i s  chamber of t h e  X-ray f luorescence  
instrument  u n t i l  j u s t  p r i o r  t o  commanding t h e  next  subsequent ana lys i s .  

5 .  The sample s h a l l  be  acquired and 
de l ive red  i n  such a way a s  t o  m i n i m i z e  t h e  thermal shock experienced i n  t h e  
sample a n a l y s i s  chamber. 

b. Analysis Scheduling 

1. As soon after landing as p o s s i b l e  and 
p r i o r  t o  t h e  f i rs t  S-band l i n k ,  an instrument  i n i t i a l i z a t i o n  sequence 
s h a l l  be conducted t o  determine t h e  h igh  vo l t age  b i a s  s e t t i n g s  and t o  v e r i f y  
t h e  presence or absence o f  mater ia l s  t h a t  might have been i n a d v e r t e n t l y  
introduced. 
adjustment of t h e  high vo l t age  b i a s  s e t t i n g s  by ground update  p r i o r  t o  t h e  
f i r s t  ana lys i s .  
of t h e  reduced da ta .  

This  sequence s h a l l  b e  scheduled t o  permit any r equ i r ed  

A minimum of four hours  s h a l l  be  allowed f o r  eva lua t ion  

2. Analysis  schedul ing s h a l l  be  compatible 
with t h e  sample s t r a t e g y  given i n  paragraph 4.0.1. 
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3.  I t  is  d e s i r e d  t h a t  sample 3 be acquired 
p r i o r  t o  t h e  o r b i t e r  MAWD walk.  

4. The remaining samples s h a l l  be acquired 
p r i o r  t o  s o l  70 .  

5. I t  i s  d e s i r e d  t h a t  as many samples as 
p o s s i b l e  be  scheduled f o r  a n a l y s i s  by t h e  X-ray f luorescence  spectrometer  
c o n s i s t e n t  with t h e  sample dump capaci ty  o f  650 cm3. 

c. Analysis Conditions 

1, A complete a n a l y s i s  s h a l l  ccnsist of a 
c a l i b r a t i o n  sequence and a s u r f a c e  sample sequence. 

2. For mission planning purposes,  a nominal 
sequence s h a l l  be used. 
sequence and 5 hours  f o r  t h e  su r face  sample sequence. 

This  i s  approximately 5 hours f o r  a c a l i b r a t i o n  

3 .  
performed a t  a time of s o l  chosen t o  minimize t h e  temperature  d i f f e r e n c e  
of  t h e  instrument between t h e  c a l i b r a t i o n  sequence and t h e  s u r f a c e  
sample sequence. 
be performed exac t ly  one s o l  previous t o  t h e  s u r f a c e  sample sequence. 

The c a l i b r a t i o n  sequence s h a l l  be 

For mission planning, t h e  c a l i b r a t i o n  sequence s h a l l  

4,  The s u r f a c e  sample a n a l y s i s  sequence s h a l l  
be performed dur ing  t h e  hours o f  minimum change i n  t h e  Lander i n t e r n a l  
temperatures.  
Mars time. 

The p re fe r r ed  time t o  s ta r t  t h e  sequence is 0300 l o c a l  

5 .  The s u r f a c e  sample s h a l l  be i n  t h e  
measuring cav i ty  f o r  a t  least TBD hours p r i o r  t o  i n i t i a t i n g  t h e  su r face  
sample sequence. 

4.2.10.2 Additional Objec t ives  

For purposes of mission planning,  t h e  s i t e  selec- 
t i o n  of t h e  sample t o  be acquired fo r  t h e  magnified viewing experiment of 
t h e  Physical  P rope r t i e s  Team should be determined by both t h e  Physical 
P r o p e r t i e s  and Inorganic  Chemical Inves t iga t ion  Teams. After imaging is  
complete, t h i s  sample is  t o  be  de l ivered  t o  t h e  X-ray f luorescence  spectrometer  
f o r  ana lys i s .  

4 

0 

c 


